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                                   Abstract 
Experiments were undertaken in August 2009 at Central Veterinary 
Research and Laboratories Center ــ Animal Resource Research 
Corporation and Sudan Atomic Energy Commission ــ Ministry of 
Science and Technology. Experiments were performed on four 
bacterial genera to determine the non-effective, effective and the lethal 
doses of gamma radiation. 
Four bacterial genera Staphylococcus aureus, Salmonella typhi, 
Escherichia coli, and Bacillus cereus had been exposed to gamma 
radiation in different doses to determine the effect of ionizing 
radiation on them revealed that these microbes could resist low 
irradiation doses but also were affected by higher doses until they died 
except B. cereus which considered radioresistant up to 7000 Gy.  
The microbes had been studied in their ability and survival by cultural 
and biochemical characteristics before and after irradiation doses 
revealed three radiation doses on bacteria..non effective doses, 
effective doses and lethal doses. Also, the effective doses could be 
divided into three categories…low, medium, and high effective doses. 
The microbes had been grown and studied in nutrient  broth and agar. 
From tables of results, some equations could be deduced according to 
radiation effective doses (in Gray) which in turn could be divided into 
three categories… the equations are: 
• Highest effective dose = lowest effective dose × 2 
• Number of  Gamma Effective Units on Microbe 
(NGEUM) =     
               
Highest eff.dose – lowest ef.dos.   
                                 
3 
 
 
• Highest Value of Lowest eff. Dose = Lowest eff. Dose 
+ NGEUM 
• Highest Value of Medium eff. Dose = Highest Value 
of Lowest eff. Dose + NGEUM 
• Highest Value of Highest eff. Dose = Highest Value 
of Medium eff. Dose + NGEUM  
The non-effective doses can be used to induce radiomutations for 
scientific research, the effective doses can be used to produce 
radiation-attenuated vaccines especially the highest effective doses, 
and the lethal doses can be used in sterilization. The high radiation-
tolerated B. cereus may be useful in radioprotection by extracting their 
genes responsible for radioresistance and incorporating them in 
important organisms particularly man.  
 
                                 
  
  
  
  
  
  
  
  
  
 
 
  ﻣﻠﺨﺺ اﻷﻃﺮوﺣﺔ                               
ﻓﻲ آﻞ ﻣﻦ ﻣﺮآﺰ اﻟﻤﻌﺎﻣﻞ و اﻟﺒﺤﻮث  9002ﺑﺪأت هﺬﻩ اﻟﺪراﺳﺔ ﻋﻤﻠﻴﺎ ﻓﻲ أﻏﺴﻄﺲ ﻣﻦ اﻟﻌﺎم 
اﻟﺬرﻳﺔ اﻟﺴﻮداﻧﻴﺔ ﺑﺎﻟﺨﺮﻃﻮم  اﻟﻄﺎﻗﺔاﻟﺒﻴﻄﺮﻳﺔ اﻟﻤﺮآﺰﻳﺔ ــ هﻴﺌﺔ ﺑﺤﻮث اﻟﺜﺮوة اﻟﺤﻴﻮاﻧﻴﺔ و هﻴﺌﺔ 
ﻨﺎس ﺣﻴﺚ أﺟﺮﻳﺖ اﻟﺘﺠﺎرب ﻋﻠﻰ أرﺑﻌﺔ أﺟ... و اﻟﻬﻴﺌﺘﺎن ﺗﺘﺒﻌﺎن ﻟﻮزارة اﻟﻌﻠﻮم و اﻟﺘﻘﺎﻧﺔ 
, ﻟﻤﻌﺮﻓﺔ اﻟﺠﺮﻋﺎت ﻏﻴﺮ اﻟﻤﺆﺛﺮة ( أﺷﻌﺔ ﻏﺎﻣﺎ)ﺑﺘﻌﺮﻳﻀﻬﺎ ﻋﻠﻰ اﻟﻄﺎﻗﺔ اﻟﻨﻮوﻳﺔ  ﺑﻜﺘﻴﺮﻳﺔ
  .اﻟﻤﺆﺋﺮة ، و اﻟﻘﺎﺗﻠﺔ
) اﻟﺬهﺒﻴﺔ اﻟﻤﻜﻮرات اﻟﻌﻨﻘﻮدﻳﺔ  ﻟـ  ﻣﺨﺘﻠﻔﺔ اﻟﺠﺮﻋﺎت ﺗﻢ اﻟﺘﺸﻌﻴﻊ ﺑﺄﺷﻌﺔ ﻏﺎﻣﺎ 
اﻻﺷﺮﻳﻜﻴﺔ  ,(  ihpyt allenomlaS) ﺳﺎﻟﻤﻮﻧﻴﻠﻼ اﻟﺘﻴﻔﻮﻳﺪ  ,(  suerua succocolyhpatS
ﻤﻌﺮﻓﺔ أﺛﺮ اﻻﺷﻌﺎع ﻟ(  suerec sullicaB)   اﻟﻌﺼﻴﺔ اﻟﺴﻴﺮﻳﺰﻳﺔ  ,(  iloc .E) ﻟﻮﻧﻴﺔ اﻟﻘﻮ
اﻟﻤﺆﻳﻦ ﻋﻠﻴﻬﻢ ﻗﺎد ﻟﻤﻌﺮﻓﺔ أن هﺬﻩ اﻟﻤﻴﻜﺮوﺑﺎت ﻣﻘﺎوﻣﺔ  ﻟﻠﺠﺮﻋﺎت اﻟﻤﻨﺨﻔﻀﺔ و ﻟﻜﻨﻬﺎ ﺗﺘﺄﺛﺮ 
ﺑﺎﻟﺠﺮﻋﺎت اﻷﻋﻠﻰ إﻟﻰ أن ﻣﺎﺗﻮا إﻻ اﻟﻌﺼﻴﺔ اﻟﺴﻴﺮﻳﺰﻳﺔ اﻟﺘﻲ اﻋﺘﺒﺮت ﻣﻘﺎوﻣﺔ ﻟﻼﺷﻌﺎع ﺣﺘﻰ 
  .  ﺟﺮاى  0007
ﻗﺪرات اﻟﻤﻴﻜﺮوﺑﺎت اﻷرﺑﻌﺔ و ﻣﺪى ﺣﻴﻮﻳﺘﻬﻢ ﺑﻤﻼﺣﻈﺔ ﺧﺼﺎﺋﺼﻬﻢ اﻟﻤﺰرﻋﻴﺔ و  ﺖ دراﺳﺔﺗﻤ
ﻏﻴﺮ : اﻟﻜﻴﻤﺤﻴﻮﻳﺔ ﻗﺒﻞ و ﺑﻌﺪ اﻟﺠﺮﻋﺎت اﻟﺘﺸﻌﻴﻌﻴﺔ أدى إﻟﻰ ﻣﻌﺮﻓﺔ أن اﻟﺠﺮﻋﺎت ﺛﻼﺛﺔ أﻧﻮاع 
 –ﻣﺘﻮﺳﻄﺔ  –و ﻗﺎﺗﻠﺔ وآﺬﻟﻚ أﻣﻜﻦ ﺗﻘﺴﻴﻢ اﻟﺠﺮﻋﺎت اﻟﻤﺆﺛﺮة إﻟﻰ ﻣﻨﺨﻔﻀﺔ   –ﺛﺮة ﻣﺆ  –ﻣﺆﺛﺮة 
  .  اﻟﻤﻴﻜﺮوﺑﺎت ﻓﻲ اﻟﻤﺮق و اﻷﺟﺎر اﻟﻤﻐﺬي  وﺗﻤﺖ دراﺳﺔ. و ﻋﻠﻴﺎ 
ﻟﺨﺎﺻﺔ ﻣﻦ ﺧﻼل اﻟﻨﺘﺎﺋﺞ اﻟﻤﺬآﻮرة ﻓﻲ اﻟﺠﺪاول ﺑﺎﻟﺮﺳﺎﻟﺔ ﺗﻢ اﺳﺘﻨﺘﺎج ﺑﻌﺾ اﻟﻤﻌﺎدﻻت ا   
 ﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮةﻟﻤﻴﻜﺮوب اﺳﺘﻨﺎدا ﻋﻠﻰ أن اﻋﻠﻰ ا (ﺑﺎﻟﺠﺮاى) ﺑﺎﻟﺠﺮﻋﺎت اﻻﺷﻌﺎﻋﻴﺔ اﻟﻤﺆﺛﺮة
  :هﻲ  و اﻟﻤﻌﺎدﻻت... ﻬﺎ إﻟﻰ ﺛﻼﺛﺔ ﻓﺌﺎت ﺑﺪورهﺎ ﺗﻢ ﺗﻘﺴﻴﻤ
  2 ×اﻟﺪﻧﻴﺎ  اﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة= ﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة اﻟﻌﻠﻴﺎ ا •
 ( = ع و غ م)اﻟﻤﺆﺛﺮة ﻋﻠﻰ اﻟﻤﻴﻜﺮوب ( وﺣﺪات أﺷﻌﺔ ﻏﺎﻣﺎ)ﻋﺪد اﻟﻮﺣﺪات اﻟﻐﺎﻣﻴﺔ    
 
 ع و غ م+ اﻟﺪﻧﻴﺎ  اﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة= اﻟﻘﻴﻤﺔ اﻟﻌﻠﻴﺎ ﻟﻠﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة اﻟﺪﻧﻴﺎ    •
اﻟﺪﻧﻴﺎ  ﻋﺔ اﻟﻤﺆﺛﺮةاﻟﻘﻴﻤﺔ اﻟﻌﻠﻴﺎ ﻟﻠﺠﺮ= ﻰ اﻟﻮﺳﻄ اﻟﻘﻴﻤﺔ اﻟﻌﻠﻴﺎ ﻟﻠﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة •
 ع و غ م + 
اﻟﻮﺳﻄﻰ  اﻟﻘﻴﻤﺔ اﻟﻌﻠﻴﺎ ﻟﻠﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة= اﻟﻌﻠﻴﺎ ﻟﻠﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة اﻟﻌﻠﻴﺎ اﻟﻘﻴﻤﺔ  •
  ع و غ م       + 
  اﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة اﻟﺪﻧﻴﺎ   –اﻟﺠﺮﻋﺔ اﻟﻤﺆﺛﺮة اﻟﻌﻠﻴﺎ 
3
 
 
اﻟﺠﺮﻋﺎت ﻏﻴﺮ اﻟﻤﺆﺛﺮة ﻣﻤﻜﻦ اﺳﺘﺨﺪاﻣﻬﺎ ﻓﻲ اﺳﺘﺤﺪاث ﻃﻔﺮات اﺷﻌﺎﻋﻴﺔ ﻟﻸﺑﺤﺎث اﻟﻌﻠﻤﻴﺔ ، 
و  ﻟﻘﺎﺣﺎت ﻣﻮهﻨﺔ ﺑﺎﻻﺷﻌﺎعاﻟﺠﺮﻋﺎت اﻟﻤﺆﺛﺮة و ﻣﻌﺎدﻻﺗﻬﺎ ﻣﻤﻜﻦ اﺳﺘﺨﺪاﻣﻬﺎ ﻓﻲ ﺻﻨﺎﻋﺔ ﺑﻴﻨﻤﺎ 
أﻣﺎ  .ﻓﻲ اﻟﺘﻌﻘﻴﻢ  ﺑﺨﺎﺻﺔ اﻟﺠﺮﻋﺎت اﻟﻤﺆﺛﺮة اﻟﻌﻠﻴﺎ ، أﻣﺎ اﻟﺠﺮﻋﺎت اﻟﻘﺎﺗﻠﺔ ﻣﻤﻜﻦ اﺳﺘﺨﺪاﻣﻬﺎ
ﺑﻜﺘﺮﻳﺎ اﻟﻌﺼﻴﺔ اﻟﺴﻴﺮﻳﺰﻳﺔ اﻟﺘﻲ ﺗﺤﻤﻠﺖ اﻟﺠﺮﻋﺎت اﻻﺷﻌﺎﻋﻴﺔ اﻟﻌﺎﻟﻴﺔ ﻗﺪ ﺗﻜﻮن ﻣﻔﻴﺪة ﻓﻲ اﻟﻮﻗﺎﻳﺔ 
ﺎ ﻓﻲ ﺟﻴﻨﻮم آﺎﺋﻨﺎت ﻣﻦ اﻻﺷﻌﺎع إذا ﻗﻤﻨﺎ ﺑﺎﺳﺘﺨﻼص اﻟﻤﻮرﺛﺎت اﻟﻤﺴﺆوﻟﺔ ﻋﻦ ذﻟﻚ ﺛﻢ اﻗﺤﺎﻣﻬ
  .ﺣﻴﺔ هﺎﻣﺔ ﻻ ﺳﻴﻤﺎ اﻻﻧﺴﺎن 
  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  Introduction 
Radiobiology is the study of biological effects of ionizing and non-
ionizing radiation. Ionizing-radiation, UV- light – X-rays – gamma 
rays and cosmic rays, can cause cancer in tissues because they ionize 
atoms they pass or dissociate molecules, so the interactions between 
these radiations and tissues is active. 
I needed to know the concept of Radiobiology but on microorganisms 
(fungi, bacteria, and viruses), so, the interactions between 
microorganisms or their colonies and radiation or radioactive 
materials can be active or passive. 
Four genera of bacteria had been chosen to be subjected to ionizing 
radiation. That lead us to know gamma radiation doses could affect 
some of these bacteria while a genus was radioresistant but not to be 
compared to human who dies at doses higher than 10 gray if he would 
not be saved. 
This research was done noticing the biochemical and cultural  
characteristics of each microbe before and after gamma irradiation 
which revealed that gamma radiation doses are non- effective, 
effective or lethal and in turn  the effective doses are low, medium and 
high.   
This study focus on whatever the microbes were radioresistant or 
radiosensitive.  
 
 
Chapter One 
                                  Literature Review 
1.1  Radiation 
The term radiation refers to energy that is emitted from a source. 
Although the term is normally reserved for wave phenomena (like 
electromagnetic radiation) it can also be used to describe emitted 
particles (like alpha and beta radiation). Radiation is energy in the 
form of waves and particles that are emitted from a source.  It comes 
in many forms. andIt is not necessarily a dangerous thing. 
The forms of radiation that are especially dangerous to living things 
are those with energy sufficient to penetrate tissues and then ionize the 
atoms they pass along the way (Elert, 2008). 
1.1.1 Nature of radioactive emissions  
All objects above the temperature of absolute zero (-273.15° Celsius) 
radiate energy to their surrounding environment. This energy, or 
radiation, is emitted as electromagnetic waves that travel at the speed 
of light. Many different types of radiation have been identified. Each 
of these types is defined by its wavelength. The wavelength of 
electromagnetic radiation can vary from being infinitely short to 
infinitely long (Figure 1). 
Visible light is a form of electromagnetic radiation that can be 
perceived by our eyes. Light has a wavelength of between 0.40 to 0.71 
micrometers (µm). Figure 6f-1 illustrates that various spectral color 
bands that make up light. The Sun emits only a portion (44 %) of its 
radiation in zone. Solar radiation spans a spectrum from 
 
 
approximately 0.1 to 4.0 micrometers. The band from 0.1 to 0.4 
micrometers is called ultraviolet radiation. About 7% of the Sun's 
emission is in this wavelength band. About 48% of the Sun's radiation 
falls in the region between 0.71 to 4.0 micrometers. This band is 
called the near (0.71 to 1.5 micrometers) and far infrared (1.5 to 4.0 
micrometers). 
The amount of electromagnetic radiation emitted by a body is directly 
related to its temperature. If the body is a perfect emitter (black body), 
the amount of radiation given off is proportional to the 4th power of 
its temperature as measured in Kelvin units. This natural phenomenon 
is described by the Stefan-Boltzmann Law. The following simple 
equation describes this law mathematically: 
 
  
According to the Stephan-Boltzmann equation, a small increase in the 
temperature of a radiating body results in a large amount of additional 
radiation being emitted (Pidwirny, 2006). 
 
 
 
 
 
 
 
 
  
Figure 1: Wavelength of some EMR.  
Some of the various types of electromagnetic 
radiation as defined by wavelength. Visible light has 
a spectrum that ranges from 0.40 to 0.71 
micrometers (µm), (Pidwirny, 2006). 
 
  
 
 
 
 
 
 
 
 
1.1.2 Types of Radiation 
1.1.2.1 Electromagnetic Spectrum 
Includes radio waves,  television waves , radar waves, microwaves, 
infrared rays, visible light,  ultraviolet light, x rays, gamma rays, and 
cosmic rays (Elert, 2008). 
1.1.2.2 Atomic (nuclear) radiation                                               
It  is  the  energetic   particles    and   energetic  electromagnetic waves 
released during the radioactive decay of unstable isotopes. Atomic 
radiations include:                                                                                                
Alpha particles which are helium atom nuclei emitted from                   
large parent nuclei. beta particles which are high energetic electrons 
emitted from unstable atoms, and gamma rays which are high 
energetic electromagnetic  waves 
Any form of   electromagnetic   radiation is dangerous at large 
intensities.  Microwaves , infrared , and visible light are normally 
harmless, but ultraviolet, x rays , and  gamma  rays  are  generally  
dangerous . The difference lies in the ability   of    the   more    
dangerous   forms   of    radiation    to   ionize      atoms   ( remove 
electrons )  or  to  dissociate  molecules  (break  them  in two) .  The 
division  between  ionizing  and  non-ionizing  electromagnetic  
radiation   lies in  the  visible  portion  of the  spectrum .  Ionizing 
radiation has a frequency higher than visible light and non-ionizing 
radiation has a frequency lower than visible light.  Visible light 
divides the electromagnetic spectrum into general regions infrared and 
below (non-ionizing radiation) ,visible light (able to excite electrons in 
 
 
normal atoms) and ultraviolet and above (ionizing radiation), (Elert, 
2008).  
Therefore   there  are  two  factors  that  separate  the  relatively  
dangerous  forms  of radiation from the relatively harmless forms: 
penetration and ionization. This includes alpha , beta , and  gamma  
radiation, x rays , free  neutrons , and  fast  ions -- basically any   
particle  with   an  energy  on the  order  of several  thousand to  
several   million electron  volts .  Of  course ,  particles  with  energies  
greater  than this are even more dangerous, but their existence on earth 
is extremely rare under normal circumstances. 
Any  radiation  that  can  disrupt  the normal  chemistry of a cell is 
dangerous to living things. There are three mechanisms by which 
atomic radiation can do this. 
1. Ionization. Energetic particles leave a trail of ions in their wake.  
2. Neutron Absorption. The absorption of a neutron into the 
nucleus of an atom may result in the formation of an unstable 
isotope and its transmutation into a different element.  
3. Displacement. If the energy of an incident particle is 
sufficiently high it can displace an atom from its position in a 
molecule (Elert, 2008). 
1.1.3 Radiation levels 
The associations between ionizing radiation exposure and the 
development of cancer are mostly based on populations exposed to 
relatively high levels of ionizing radiation, such as Japanese atomic 
bomb survivors, and recipients of selected diagnostic or therapeutic 
medical procedures. 
 
 
Cancers associated with high dose exposure include leukemia, thyroid, 
breast, bladder, colon, liver, lung, esophagus, ovarian, multiple 
myeloma, and stomach cancers.  
The period of time between radiation exposure and the detection of 
cancer is known as the latent period. Those cancers that may develop 
as a result of radiation exposure are indistinguishable from those that 
occur naturally or as a result of exposure to other chemical 
carcinogens. 
Although radiation may cause cancer at high doses and high dose 
rates, public health data regarding lower levels of exposure, below 
about 1,000 mrem (10 mSv), are harder to interpret. To assess the 
health impacts of lower radiation doses, researchers rely on models of 
the process by which radiation causes cancer; several models have 
emerged which predict differing levels of risk. 
Studies of occupational workers exposed to chronic low levels of 
radiation, above normal background, have provided mixed evidence 
regarding cancer and transgenerational effects. Cancer results, 
although uncertain, are consistent with estimates of risk based on 
atomic bomb survivors and suggest that these workers do face a small 
increase in the probability of developing leukemia and other cancers. 
One of the most recent and extensive studies of workers was 
published by Cardis et al. in 2005. 
Two widely studied instances of large-scale exposure to high doses of 
ionizing radiation are: atomic bomb survivors in 1945; and emergency 
workers responding to the 1986 Chernobyl accident (UNSCEAR, 
2000). 
 
 
 
  1.1.3.1 Ionizing radiation level examples 
The exact units of measurement vary, but light radiation sickness 
begins at about 50–100 rad (0.5–1 gray (Gy), 0.5–1 Sv, 50–100 rem, 
50,000–100,000 mrem). 
Although the SI unit of radiation dose equivalent is the sievert, 
chronic radiation levels and standards are still often given in 
millirems, 1/1000th of a rem (1 mrem = 0.01 mSv), (Acharya, 1976). 
  1.1.3.2  Isotopes 
An isotope is the element that has different numbers of neutrons and 
same numbers of protons and electrons of the original element. 
Isotopes are stable or radioactive (Scott, 1992). 
  1.1.3.3  Radioisotopes 
A radioisotope is a non-stable element that emits energy in the form of 
particles or electromagnetic radiation to become stable.  
    1.1.3.3.1 Half-life 
Radioactivity decays with time. The time required for a radioactive 
material to lose half of its activity is its half-life (Elgun, 2007). 
  1.1.4  Measurements of radiation  
Measurement of Radiation: The amount of radiation is measured in 
several different units. The roentgen (R) is a measure of the ionizing 
ability of radiation in air and is commonly used to express the 
intensity of exposure to radiation. How much radiation people are 
 
 
exposed to and how much is deposited in their body may be very 
different. The gray (Gy) and sievert (Sv) are measures of the dose of 
radiation, which is the amount of radiation deposited in matter, and 
are the units used to measure dose in humans after exposure to 
radiation. The Gy and Sv are similar, except the Sv takes into account 
the effectiveness of different types of radiation to cause damage and 
the sensitivity of different tissues in the body to radiation. Low levels 
of exposure are measured in mGy (1 mGy = 1/1000 Gy) and mSv (1 
mSv = 1/1000 Sv), (Jerrold, 2009). 
1.1.5 Mode of action of radiation 
Both, X rays and Gamma rays have wavelength shorter than the 
wavelength of ultraviolet light. X rays, which have wavelength of 0.1 
to 40 nm, and gamma rays, which have even shorter wavelength, are 
forms of ionizing radiation, so named because it can dislodge 
electrons from atoms, creating ions. (Longer wavelengths comprise 
nonionizing radiation.) These forms of radiation also kill 
microorganisms and viruses and ionizing radiation damages DNA and 
produces peroxides, which act as powerful oxidizing agents in cells. 
This radiation can also kill or cause mutations in human cells if it 
reaches them  The principal effect of ionizing radiation is the 
ionization of water, which forms highly reactive hydroxyl radicals. 
These radicals react with organic cellular components, especially 
DNA. 
The so-called target theory of damage by radiation supposes that 
ionizing particles, or packets of energy, pass through or close to vital 
portions of the cell; these constitute "hits." One, or a few, hits may 
only cause nonlethal mutations, some of them conceivably useful. 
 
 
More hits are likely to cause sufficient mutations to kill the microbe 
(Hussain, 2009). 
  1.1.6 Gamma radiation 
Gamma radiation, also known as gamma rays (denoted as γ), is 
electromagnetic radiation of high frequency (very short wavelength). 
They are produced by sub-atomic particle interactions such as 
electron-positron annihilation, neutral pion decay, radioactive decay, 
fusion, fission or inverse Compton scattering in astrophysical 
processes. Gamma rays typically have frequencies above 1019 Hz, and 
therefore have energies above 100 keV and wavelength less than 10 
picometers, often smaller than an atom. Gamma radioactive decay 
photons commonly have energies of a few hundred keV, and are 
almost always less than 10 MeV in energy. 
Because they are a form of ionizing radiation, gamma rays can cause 
serious damage when absorbed by living tissue, and are therefore a 
health hazard. 
Paul Villard, a French chemist and physicist, discovered gamma 
radiation in 1900, while studying radiation emitted from radium. 
Alpha and beta "rays" had already been separated and named by the 
work of Ernest Rutherford in 1899, and in 1903 Rutherford named 
Villard's distinct new radiation "gamma rays (L'Annunziata, Michael 
F., 2007). 
1.2 General biological effects 
Overexposure to radiation can produce two types of effects in humans: 
genetic effects and  somatic effects. 
 
 
   1.2.1 Radiobiology 
Radiobiology (or radiation biology) is the interdisciplinary field of   
science that studies the biological effects of ionizing and non-ionizing   
radiation of the whole electromagnetic spectrum including 
radioactivity (Hall, 2006). The Hungarian scientist, George Hevesy 
(1885- 1966), put the principles of nuclear medicine. He received 
Nobel Prize in 1943 after he had begun experiments on a plant and 
animals in 1920. He was considered the pioneer of Nuclear Medicine 
(Alum Uthurruh, 1997).  
     1.2.1.1 Cell survival curve 
A cell survival curve is a curve used in radiobiology. It depicts the 
relationship between the fraction of cells retaining their reproductive 
integrity and the absorbed dose. Conventionally, the surviving fraction 
is depicted on a logarithmic scale, and is plotted on the y-axis against 
dose on the x-axis, Fig. 2 (Lachaume, 2006). 
    1.2.1.2 Precautions 
Although cobalt is an essential element for life in minute amounts, at 
higher levels of exposure it shows mutagenic and carcinogenic effects 
similar to nickel (see Cobalt Poisoning). In 1966, the addition of 
cobalt compounds to stabilize beer foam in Canada led to 
cardiomyopathy, which came to be known as beer drinker's 
cardiomyopathy. Powdered cobalt in metal form is a fire hazard. After 
nickel and chromium, cobalt is a major cause of contact dermatitis 
(Basketter et. al., 2003). 
 
 
 
 
 
 
 
Fig. 2 : Cell Survival Curve:  
Survival of  a population of mammal cells when exposed to acute 
radiation (Lachaume , 2006). 
 
 
 
 
 
 
 
1.2.1.3 Methods of biological action: 
Biological action of radiation is two types direct action and indirect 
action (generation of free radicals). 
1.2.1.3.1 Antioxidants Resolve Radiation Side Effects 
Radiation proctitis, characterized by rectal pain, bleeding, diarrhea, 
and incontinence, is a common side effect of radiation therapy for 
cervical or prostate cancers. Radiation generates large numbers of free 
radicals that harm nearby normal cells. Researchers asked 20 men and 
women with radiation proctitis to take a combination of 400 IU 
vitamin E and 500 mg vitamin C twice a day. All of the patients' 
symptoms, except pain, were reduced during the eight-week study, 
and some of the symptoms were completely resolved (Painter, 1999). 
   1.2.1.4 Methods of Exposure 
The risks from occupational radiation exposure depend on the amount 
of radiation (or dose) received, the time over which the dose is 
received, and the part of the body exposed. There are two types of 
exposures: Chronic Exposure and Acute Exposure. 
1.2.1.4.1 Chronic Exposure 
Occurs when a low dose rate of radiation is received over an extended 
period of time (months to years). Examples of chronic radiation 
exposures include: occupational radiation exposures, exposure to 
natural background radiation.  
 
 
Cancer, sterility, aging and cataracts are among the long term effects 
of chronic exposure to ionizing radiation.  
1.2.1.4.2 Acute Exposure 
Occurs when a large dose rate of radiation is delivered in a short 
period of time, typically in a matter of seconds to days. Doses of 
ionizing radiation that brings death within approximately 30 days are 
referred to as immediately lethal and the action of that radiation is 
classified as acute. 
Exposure to increasing doses of acute ionizing radiation over the 
whole body results in nausea, vomiting, hair loss, loss of appetite, 
soreness in the throat, diarrhea, and weight loss. Extreme level of 
acute exposure to radiation causes deaths due to the failure of the vital 
organ systems. 
For example, acute radiation doses were received by many of the fire 
fighters responding to the Chernobyl reactor accident (Elgun, 2007). 
   1.2.2 Genetic effects 
Genetic effects of overexposure to radiation are of particular concern 
because radiation induced mutations can be carried to subsequent 
generations via defective genes. 
1.2.2.1 Gene mutations 
A mutation is a randomly derived change to the nucleotide sequence 
of the genetic material of an organism. Mutations can be caused by 
copying errors in the genetic material during cell division, or by 
exposure to mutagens (ultraviolet or ionizing radiation, mutagenic 
 
 
chemicals, or viruses), or can be induced by the organism itself, by 
cellular processes such as hypermutation (Eyre and Keightly, 2007). 
1.2.2.2 Chromosomal breakage and recombination 
Exposure to ionizing radiation can result in delayed effects that can be 
detected in the progeny of an irradiated cell multiple generations after 
the initial exposure. These effects are described under the rubric of 
radiation-induced genomic instability and encompass multiple 
genotoxic endpoints. Ionizing radiation can directly induce mutations, 
chromosome aberrations, and homologous recombination. It has 
become evident that radiation also induces delayed genomic 
instability, defined as an increased rate of genetic alterations in the 
genome of progeny of irradiated cells multiple generations after the 
initial insult. Delayed effects include chromosomal rearrangements 
and aberrations (chromosomal instability), micronuclei, gene 
mutations, microsatellite instability, changes in ploidy, and decreased 
plating efficiency (PE). Chromosomal aberrations induced in first-
division metaphase cells after irradiation include classical breakage 
and rejoining events that produce dicentric chromosomes and their 
associated fragments. In contrast, radiation-induced delayed 
chromosomal instability frequently involves duplication and insertion 
of genomic regions suggestive of recombination. Little et al. reported 
that most delayed mutations after exposure to radiation were point 
mutations, but a significant fraction ( 20%) were associated with 
partial or total gene deletions suggestive of delayed recombination. 
Although HR is often characterized as a mechanism for accurate repair 
of DNA damage, certain HR events can result in deleterious 
chromosomal rearrangements. For example, gene conversion produces 
 
 
local loss of heterozygosity (LOH), and gene conversion is sometimes 
associated with crossovers that can lead to large-scale LOH in the next 
cell division, as well as deletions and inversions at linked repeats and 
translocations (Huang et. al, 2003). 
   1.2.3  Somatic effects 
The somatic effect is the effect of radiation on organs, tissue, or the 
whole body. Somatic effects can vary over a wide range, from rapid 
death due to large exposures to reddening of the skin due to minimal 
exposure. Some somatic effects of concern, such as cancer and 
cataracts may be delayed for long periods. Within the body, cells and 
tissues respond with varying degrees of sensitivity to radiation. Partial 
or whole body radiation and age also are important factors in 
determining the somatic effects of overexposure. 
1.3 Radiation effects on microorganisms 
   1.3.1 Phylogenetic diversities of surviving cultivable bacteria to       
radiation 
      1.3.1.1 Deinococcus radiodurans 
Deinococcus radiodurans is an extremophilic bacterium, one of the 
most radioresistant organisms known. It can survive cold, 
dehydration, vacuum, and acid, and is therefore known as a 
polyextremophile and has been listed as the world's toughest 
bacterium in The Guinness Book Of World Records (Kim et. al, 2002) 
Deinococcus is the only genus in the order Deinococcales. D. 
radiodurans is the type species of this genus, and the best studied 
member. All known members of the genus are radioresistant: D. 
 
 
proteolyticus, D. radiopugnans, D. radiophilus, D. grandis, D. 
indicus, D. frigens, D. saxicola, D. marmoris, D. deserti[4], D. 
geothermalis and D. murrayi; the latter two are also thermophilic 
(Groot et. al., 2005). 
D. radiodurans was discovered in 1956 by Arthur W. Anderson at the 
Oregon Agricultural Experiment Station in Corvallis, Oregon. 
Experiments were being performed to determine if canned food could 
be sterilized using high doses of gamma radiation. A tin of meat was 
exposed to a dose of radiation that was thought to kill all known forms 
of life, but the meat subsequently spoiled, and D. radiodurans was 
isolated (Anderson et. al., 1956). 
The complete DNA sequence of D. radiodurans was published in 
1999 by TIGR. A detailed annotation and analysis of the genome 
appeared in 2001. The sequenced strain was ATCC BAA-816 
(Makarova, 2001). 
Deinococcus radiodurans has a unique quality in which it can repair 
DNA both single and double stranded. When a mutation is apparent to 
the cell it brings it into a compartmental ring like structure where the 
DNA is repaired and then is able to fuse the nucleoids from the 
outside of the compartment with the damaged DNA (Moseley, 1971).  
1.3.1.2 Ionizing radiation resistance 
Deinococcus radiodurans is capable of withstanding an instantaneous 
dose of up to 5,000 Gy of ionizing radiation with no loss of viability, 
and an instantaneous dose of up to 15,000 Gy with 37% viability. A 
dose of 5,000 Gy is estimated to introduce several hundred complete 
breaks into the organism's DNA. For comparison, a chest X-ray or 
 
 
Apollo mission involves about 1 milligray, 10 Gy can kill a human, 60 
Gy will kill E. coli, and over 4000 will kill the radiation-resistant 
tardigrade. 
Several bacteria of comparable radioresistance are now known, 
including some species of the genus Chroococcidiopsis (phylum 
cyanobacteria) and some species of Rubrobacter (phylum 
actinobacteria); among the archaea, the species Thermococcus 
gammatolerans shows comparable radioresistance. Deinocuccus 
radiodurans also has a unique ability to repair damaged DNA. It 
isolates the damaged segments in a controlled area and repairs it. This 
bacteria can also repair many small fragments from an entire 
chromosome (Mattimore and Battista, 1996). 
  1.3.2 Mutations 
1.3.2.1 Differences in mutagenic and recombinational DNA repair 
in enterobacteria.  
 The incidence of recombinational DNA repair and inducible 
mutagenic DNA repair has been examined in Escherichia coli and 11 
related species of enterobacteria. Recombinational repair was found to 
be a common feature of the DNA repair repertoire of at least 6 genera 
of enterobacteria. This conclusion is based on observations of (i) 
damage-induced synthesis of RecA-like proteins,(ii) nucleotide 
hybridization between E. coli recA sequences and some chromosomal 
DNAs, and (iii) recA-negative complementation by plasmids showing 
SOS-inducible expression of truncated E. coli recA genes. The 
mechanism of DNA damage-induced gene expression is therefore 
sufficiently conserved to allow non-E. coli regulatory elements to 
 
 
govern expression of these cloned truncated E. coli recA genes. In 
contrast, the process of mutagenic repair, which uses umuC+ umuD+ 
gene products in E. coli, appeared less widespread. Little ultraviolet 
light-induced mutagenesis to rifampicin resistance was detected 
outside the genus Escherichia, and even within the genus induced 
mutagenesis was detected in only 3 out of 6 species. Nucleotide 
hybridization showed that sequences like the E. coli umuCD+ gene 
are not found in these poorly mutable organisms. Evolutionary 
questions raised by the sporadic incidence of inducible mutagenic 
repair are discussed (Sedgwick and Goodwin, 1980).  
 1.3.2.2 Effect of UV light disinfection on antibiotic-resistant 
coliforms in wastewater effluents.  
Total coliforms and total coliforms resistant to streptomycin, 
tetracycline, or chloramphenicol were isolated from filtered activated 
sludge effluents before and after UV light irradiation. Although the 
UV irradiation effectively disinfected the wastewater effluent, the 
percentage of the total surviving coliform population resistant to 
tetracycline or chloramphenicol was significantly higher than the 
percentage of the total coliform population resistant to those 
antibiotics before UV irradiation. This finding was attributed to the 
mechanism of R-factor-mediated resistance to tetracycline. No 
significant difference was noted for the percentage of the surviving 
total coliform population resistant to streptomycin before or after UV 
irradiation. Multiple drug resistance patterns of 300 total coliform 
isolates revealed that 82% were resistant to two or more antibiotics. 
Furthermore, 46% of these isolates were capable of transferring 
 
 
antibiotic resistance to a sensitive strain of Escherichia coli (Meckes, 
2001). 
  1.3.3 Sensitivity to radiation and death 
Food irradiation is the process of exposing food to ionizing radiation 
to destroy microorganisms, bacteria, viruses, or insects that might be 
present in the food. Further applications include sprout inhibition, 
delay of ripening, increase of juice yield, and improvement of re-
hydration. Irradiation is a more general term of deliberate exposure of 
materials to radiation to achieve a technical goal (in this context 
'ionizing radiation' is implied).  
The genuine effect of processing food by ionizing radiation involves 
damage to DNA, the basic genetic information for life. 
Microorganisms can no longer proliferate and continue their 
malignant or pathogenic activities. Spoilage-causing micro-organisms 
cannot continue their activities. Insects do not survive, or become 
incapable of proliferation. Plants cannot continue the natural ripening 
or aging process.  
The speciality of processing food by ionizing radiation is that the 
energy density per atomic transition is very high; it can cleave 
molecules and induce ionization (hence the name), which is not 
achieved by mere heating. This is the reason for both new effects and 
new concerns. The treatment of solid food by ionizing radiation can 
provide an effect similar to heat pasteurization of liquids, such as 
milk. However, the use of the term "cold pasteurization" to describe 
irradiated foods is controversial, since pasteurization and irradiation 
are fundamentally different processes (Kume et. al., 2009). 
 
 
1.3.3.1 Gamma irradiation of Staphylococcus aureus, Salmonella 
typhi, and Escherichia coli 
The effect of gamma irradiation on the inactivation of Escherichia coli 
O157:H7 (ATCC 33150), Staphylococcus aureus (ATCC 2392) and 
Salmonella typhimurium (NRRL 4463) inoculated into Tekirdag 
meatballs was investigated. The meatball samples were inoculated 
with pathogens and irradiated at the absorbed doses of 1, 2.2, 3.2, 4.5 
and 5.2 kGy. E. coli O157:H7 count in 1 kGy irradiated meatballs 
stored in the refrigerator for 7 days was detected to be 4 log cfu/g 
lower than the count in nonirradiated samples. Staphylococcus aureus 
counts were decreased to 4 log cfu/g after being exposed to irradiation 
at a dose of 1 kGy. Although it was ineffective on elimination of S. 
typhimurium, irradiation at a dose of 3.2 kGy reduced E. coli O157:H7 
and Staph. aureus counts under detectable values in the meatballs. 
However, none of the test organisms were detected in the samples 
after irradiation with 4.5 kGy doses (Gumus et. al., 2008). 
1.3.3.3 Gamma irradiation of Escherichia coli 
Three strains of E. coli O157:H7 were subjected to gamma radiation 
in apple juice at 2°C with 120 ــ 210 Gy for non-acid-adapted cells and 
220 ــ 320 Gy for acid-adapted cells after they had been grown in 
tryptic soy broth for 18 hrs. Radiation resistance increased with 
increasing levels of suspended solids with doses 260 ــ 350 Gy 
(Buchanan et al. 1998). So,  the National Advisory Committee for 
Microbiological Criteria for Foods (NACMCF) recommended that 
gamma irradiation dose of 1800 Gy should be sufficient to achieve 
inactivation of E.coli .  
 
 
 
   1.3.3.4 Gamma irradiation of Bacillus cereus  
The influence of gamma irradiation on the growth, in vitro, of six 
entomopathogenic varieties of the Bacillus cereus Group. Growth of 
all six varieties was inhibited in the range, 228,280 to 456,560 rads 
and suppressed at 500,000 rads (5000 Gy) and over. Bacillus 
thuringiensis var. entomocidus was the most sensitive. Up to 500,000 
rads, no modification in sporulation and crystal formation appeared; 
the only observable change was the time required for lysis, which 
increased as the dose increased (Smirnoff and Cantin, 1966). 
   1.3.4 Radioresistance  
Radioresistance is the property of organisms which are capable of 
living in environments with very high levels of ionizing radiation. 
Radioresistance is surprisingly high in many organisms, in contrast to 
previously held views. For example, the study of environment, 
animals and plants around the Chernobyl accident area has revealed an 
unexpected survival of many species, despite the high radiation levels 
(Choppin et. al., 2002). 
1.3.4.1 Induced Radioresistance 
Radioresistance may be induced by exposure to small doses of 
ionizing radiation. Several studies have documented this effect in 
yeast, bacteria, protozoa, algae, plants, insects, as well as in  vitro 
mammalian and human cells and in animal models. Several cellular 
radioprotection mechanisms may be involved, such as alterations in 
the levels of some cytoplasmic and nuclear proteins and increased 
gene expression, DNA repair and other processes. 
 
 
It has been found in radiation biology experiments that if a group of 
cells are irradiated then as the dose increases the number of cells 
which survive decrease. It has also been found that if a population of 
cells are given a dose before being set aside (without being irradiated) 
for a length of time before being irradiated again then the radiation has 
a smaller ability to cause cell death (Joiner, 1994). 
  1.3.5 Ionizing radiation resistance mechanisms 
Deinococcus accomplishes its resistance to radiation by having 
multiple copies of its genome and rapid DNA repair mechanisms. It 
usually repairs breaks in its chromosomes within 12–24 hours through 
a 2-step process. First, D. radiodurans reconnects some chromosome 
fragments through a process called single-strand annealing. In the 
second step, a protein mends double-strand breaks through 
homologous recombination. This process does not introduce any more 
mutations than a normal round of replication would. 
A persistent question regarding D. radiodurans is how such a high 
degree of radioresistance could evolve. Natural background radiation 
levels are very low—in most places, on the order of 0.4 mGy per year, 
and the highest known background radiation, near Ramsar, Iran is 
only 260 mGy per year. With naturally-occurring background 
radiation levels so low, organisms evolving mechanisms specifically 
to ward off the effects of high radiation are unlikely. 
Valerie Mattimore and John R. Battista of Louisiana State University 
have suggested that the radioresistance of D. radiodurans is simply a 
side-effect of a mechanism for dealing with prolonged cellular 
desiccation (dryness). To support this hypothesis, they performed an 
 
 
experiment in which they demonstrated that mutant strains of D. 
radiodurans which are highly susceptible to damage from ionizing 
radiation are also highly susceptible to damage from prolonged 
desiccation, while the wild type strain is resistant to both. In addition 
to DNA repair, D. radiodurans use LEA proteins (Late 
Embryogenesis Abundant proteins) expression to protect against 
desiccation.  
Scanning electron microscopy analysis has shown that DNA in D. 
radiodurans is organized into tightly packed toroids, which may 
facilitate DNA repair.  
A team of Croatian and French researchers leaded by Miroslav 
Radman have bombarded D. radiodurans to study the mechanism of 
DNA repair. At least two copies of the genome, with random DNA 
breaks, can form DNA fragments through annealing. Partially 
overlapping fragments are then used for synthesis of homologous 
regions through a moving D-loop that can continue extension until 
they find complementary partner strands. In the final step there is 
crossover by means of RecA-dependent homologous recombination.  
Michael Daly has suggested that the bacterium uses manganese as an 
antioxidant to protect itself against radiation damage.  In 2007 his 
team showed that high intracellular levels of manganese(II) in           
D. radiodurans protect proteins from being oxidized by radiation, and 
proposed the idea that "protein, rather than DNA, is the principal 
target of the biological action of [ionizing radiation] in sensitive 
bacteria, and extreme resistance in Mn-accumulating bacteria is based 
on protein protection". 
 
 
A team of Russian and American scientists proposed that the 
radioresistance of D. radiodurans had a Martian origin. Evolution of 
the microorganism could have taken place on the Martian surface until 
it was delivered to Earth on a meteorite. However, apart from its 
resistance to radiation, Deinococcus is genetically and biochemically 
very similar to other terrestrial life forms, arguing against an 
extraterrestrial origin. 
In 2009 it was reported that nitric oxide plays an important role in the 
bacteria's recovery from radiation exposure: the gas is required for 
division and proliferation after DNA damage has been repaired. A 
gene was described that increases nitric oxide production after UV 
radiation, and in the absence of this gene the bacteria were still able to 
repair DNA damage but would not grow. 
   1.3.6 Future applications of radiation resistance 
Deinococcus has been genetically engineered for use in 
bioremediation to consume and digest solvents and heavy metals, even 
in a highly radioactive site. For example, the bacterial mercuric 
reductase gene has been cloned from Escherichia coli into 
Deinococcus to detoxify the ionic mercury residue frequently found in 
radioactive waste generated from nuclear weapons manufacture. 
Those researchers developed a strain of Deinococcus that could 
detoxify both mercury and toluene in mixed radioactive wastes (Brim 
et. al., 2000). 
The Craig Venter Institute has used a system derived from the rapid 
DNA repair mechanisms of D. radiodurans to assemble synthetic 
DNA fragments into chromosomes, with the ultimate goal of 
 
 
producing a synthetic organism they call Mycoplasma laboratorium 
(Venter, 2005).  
In 2003, U.S. scientists demonstrated that D. radiodurans could be 
used as a means of information storage that might survive a nuclear 
catastrophe. They translated the song It's a Small World into a series 
of DNA segments 150 base pairs long, inserted these into the bacteria, 
and were able to retrieve them without errors 100 bacterial generations 
later (Data stored in multiplying bacteria, New Scientist, 8 January 
2003). 
1.4 Uses of radiation 
1.4.1 Therapy and diagnosis 
The largest use of ionizing radiation in medicine is in medical 
radiography to make images of the inside of the human body using x-
rays. This is the largest artificial source of radiation exposure for 
humans. Radiation is also used to treat diseases in radiation therapy. 
1.4.1.1 Cobalt radioisotopes in medicine 
Cobalt-60 (Co-60 or 60Co) is a radioactive metal that is used in 
radiotherapy. It produces two gamma rays with energies of 1.17 MeV 
and 1.33 MeV. The 60Co source is about 2 cm in diameter and as a 
result produces a geometric penumbra, making the edge of the 
radiation field fuzzy. The metal has the unfortunate habit of producing 
a fine dust, causing problems with radiation protection. Cobalt-60 has 
a radioactive half-life of 5.27 years. This decrease in activity requires 
periodic replacement of the sources used in radiotherapy and is one 
reason why cobalt machines have been largely replaced by linear 
 
 
accelerators in modern radiation therapy. Cobalt from radiotherapy 
machines has been a serious hazard when not disposed of properly, 
and one of the worst radiation contamination accidents in North 
America occurred in 1984, after a discarded cobalt-60 containing 
radiotherapy unit was mistakenly disassembled in a junkyard in 
Juarez, Mexico.  
Cobalt-57 (Co-57 or 57Co) is a cobalt radioisotope most often used in 
medical tests, as a radiolabel for vitamin B12 uptake, and for the 
Schilling test (Wang, 2006). 
1.4.1.2 Main uses for 60Co 
• As a tracer for cobalt in chemical reactions,  
• Sterilization of medical equipment,  
• Radiation source for medical radiotherapy,  
• Radiation source for industrial radiography,  
• Radioactive source for leveling devices and thickness gauges,  
• As a radioactive source for food irradiation and blood 
irradiation, and  
• As a radioactive source for laboratory use.  
It is more difficult to absorb γ-ray energy of Co60 than the energy of 
α-particles emitted by Pu-238. 
The creation of 60Co is an important step in nucleosynthesis. Without 
the 60Co step, no elements from number 27 through 83 would be 
created in supernovas (explosive stars that emit millions of times more 
than their normal condition for weeks or months). 
Due to the quite short lifetime there is no natural Co60. Artificial 60Co 
is created by bombarding a 59Co target with a slow neutron source, 
 
 
usually 252Cf moderated through water to slow the neutrons down, or 
in a nuclear reactor such as CANDU, where adjuster rods usually 
made of steel are instead made of Co-59. 
After entering a living mammal (such as a human), most of the 60Co 
gets excreted in feces. A small amount is absorbed by liver, kidneys, 
and bones, where the prolonged exposure to gamma radiation can 
cause cancer. 
Cobalt is an element of steel-alloys. Uncontrolled disposal of Co60 in 
scrap is responsible for the radioactivity found in several iron-based 
products (Wang, 2006). 
1.4.2. Irradiation 
Irradiation is exposure to radiation but not to radioactive material, that 
is, no contamination is involved. A common example is diagnostic x-
rays, such as for a broken bone. Radiation exposure can occur without 
direct contact between people and the source of radiation (such as 
radioactive material or an x-ray machine). When the source of the 
radiation is removed or turned off, irradiation ends. People who are 
irradiated but not contaminated are not radioactive, that is, they do not 
emit radiation, and their dose from that source of radiation does not 
continue to increase (Jerrold, 2009). 
1.4.3 Radiology 
Radiology is the branch or specialty of medicine that utilizes imaging 
technologies like x-rays, CT scans, and MRIs to diagnose and treat 
disease. 
 
 
Radiologists are physicians that utilize an array of imaging 
technologies (such as ultrasound, computed tomography (CT), nuclear 
medicine, positron emission tomography (PET) and magnetic 
resonance imaging (MRI)) to diagnose or treat disease (Novelline, 
Robert, 1997). 
Nuclear medicine imaging involves the administration into the patient 
of radiopharmaceuticals consisting of substances with affinity for 
certain body tissues labeled with radioactive tracer. The most 
commonly used tracers are Technetium-99m, Iodine-123, Iodine-131, 
Gallium-67 and Thallium-20 (Filler, 2009). 
1.4.4 Tracer 
Radioactive tracers for industry: Since radioactive isotopes behave, 
chemically, mostly like the inactive element, the behavior of a certain 
chemical substance can be followed by tracing the radioactivity. Such 
as adding a gamma tracer to a gas or liquid in a closed system makes 
it possible to find a hole in a tube or adding a tracer to the surface of 
the component of a motor makes it possible to measure wear by 
measuring the activity of the lubricating oil.  
1.4.5 Industry 
Cobalt-60 (Co-60 or 60Co) is useful as a gamma ray source because it 
can be produced in predictable quantity and high activity by simply 
exposing natural cobalt to neutrons in a reactor for a period. Its uses 
include sterilization of medical supplies and medical waste, radiation 
treatment of foods for sterilization (cold pasteurization), industrial 
radiography (e.g., weld integrity radiographs), density measurements 
(e.g., concrete density measurements), and tank fill height switches. 
 
 
Cobalt-57 is used as a source in Mössbauer spectroscopy and is one of 
several possible sources in XRF devices (Lead Paint Spectrum 
Analyzers), (Henderson, 2000). 
1.4.6 Vaccine development 
Vaccination has been one of the greatest achievements in enabling the 
eradication of life-threatening diseases of man and his domesticated 
livestock. Many of the vaccines rely on technologies requiring some 
form of attenuation, i.e. the use of an alternative or mutant strain of a 
pathogenic organism that has reduced virulence whilst maintaining 
immunogenicity, or inactivation, where chemical or physical methods 
are used to kill the pathogens. Such vaccines have been extremely 
successful in protecting against diseases caused by viruses and 
bacteria in both animals and man. 
An alternative technology that shows great promise is radiation 
attenuation; this has been shown to produce effective immunogens 
from viral and bacterial pathogens and also is effective for protozoal 
and helminth parasites, there is thus good reason to re-evaluate its use 
for vaccine production. The recent successful development of an 
irradiated vaccine for human malaria has demonstrated the feasibility 
and practicalities of this technique and indicated that technical 
problems can be overcome using existing knowledge without recourse 
to sophisticated technology (International Atomic Energy Agency, 
2010). 
1.4.7 Control of insect vector 
In biology and agriculture, radiation is used to induce mutations to 
produce new or improved species. Another use in insect control is the 
 
 
sterile insect technique, where male insects are sterilized by radiation 
and released, so they have no offspring, to reduce the population. 
1.5 Radiation and Human Health: 
  1.5.1 Biological Role 
Cobalt in small amounts is essential to many living organisms, 
including humans. Having 0.13 to 0.30 mg/kg of cobalt in soils 
markedly improves the health of grazing animals. Cobalt is a central 
component of the vitamin cobalamin, or vitamin B12. 
Although cobalt proteins are less common than proteins containing 
metals like manganese, iron, or zinc, several are known. Most cobalt 
proteins use a cofactor based on the corrin cobalt, derived from 
vitamin B12, but there are also a few proteins known in which cobalt is 
directly coordinated by the protein structure; Methionine 
aminopeptidase 2 and Nitrile hydratase are two examples (Basketter 
et. al., 2003). 
The human body contains many types of cells and the human can be 
killed by the loss of a single type of cells in a vital organ. For many 
short term radiation deaths (3 days to 30 days) the loss of cells 
forming blood cells (bone marrow) and the cells in the digestive 
system (wall of the intestines) cause death. 
Many organisms have been found to possess a self-repair mechanism 
that can be activated by exposure to radiation in some cases      
(Joiner, 1994). 
 
 
 
  1.5.2  Radiation Injury 
   1.5.2.1 Health Effects of gamma ray 
All ionizing radiation causes similar damage at a cellular level, but 
because rays of alpha particles and beta particles are relatively non-
penetrating, external exposure to them causes only localized damage, 
e.g. radiation burns to the skin. Gamma rays and neutrons are more 
penetrating, causing diffuse damage throughout the body (e.g. 
radiation sickness, increased incidence of cancer) rather than burns. 
External radiation exposure should also be distinguished from internal 
exposure, due to ingested or inhaled radioactive substances, which, 
depending on the substance's chemical nature, can produce both 
diffuse and localized internal damage. The most biological damaging 
forms of gamma radiation occur in the gamma ray window, between 3 
and 10 MeV, with higher energy gamma rays being less harmful 
because the body is relatively transparent to them (Rothkamm, 2003). 
    1.5.2.1.1  Body response 
After gamma-irradiation, and the breaking of DNA double-strands, a 
cell can repair the damaged genetic material to the limit of its 
capability. However, a study of Rothkamm and Lobrich has shown 
that the repairing process works well after high-dose exposure but is 
much slower in the case of a low-dose exposure.  
   1.5.2.2  UV light 
Ultraviolet (UV) light is electromagnetic radiation with a wavelength 
shorter than that of visible light, but longer than x-rays, in the range 
10 nm to 400 nm, and energies from 3 eV to 124 eV. It is so named 
 
 
because the spectrum consists of electromagnetic waves with 
frequencies higher than those that humans identify as the color violet. 
UV light is found in sunlight and is emitted by electric arcs and 
specialized lights such as black lights. As an ionizing radiation it can 
cause chemical reactions, and causes many substances to glow or 
fluoresce. Most people are aware of the effects of UV through the 
painful condition of sunburn, but the UV spectrum has many other 
effects, both beneficial and damaging, on human health (Hockberger, 
2002). 
  1.5.2.1.1 Beneficial effects 
   1.5.2.1.1.1 Vitamin D 
UVB exposure induces the production of vitamin D in the skin. The 
majority of positive health effects are related to this vitamin. It has 
regulatory roles in calcium metabolism (which is vital for normal 
functioning of the nervous system, as well as for bone growth and 
maintenance of bone density) immunity, cell proliferation, insulin 
secretion and blood pressure (Dawe et. al., 2003). 
   1.5.2.1.1.2 Aesthetics 
Main article: Risks and benefits of sun exposure 
Too little UVB radiation leads to a lack of Vitamin D. Too much UVB 
radiation leads to direct DNA damage, sunburn, and skin cancer. An 
appropriate amount of UVB (which varies according to skin color) 
leads to a limited amount of direct DNA damage. This is recognized 
and repaired by the body. Then the melanin production is increased, 
which leads to a long-lasting tan. This tan occurs with a 2-day lag 
 
 
phase after irradiation, but it is much less harmful and is longer lasting 
than the one obtained from UVA (Dawe et. al., 2003). 
   1.5.2.1.1.3 Medical applications 
Ultraviolet radiation has other medical applications, in the treatment 
of skin conditions such as psoriasis and vitiligo. UVA radiation has 
been much used in conjunction with psoralens (PUVA treatment) for 
psoriasis, although this treatment is less used now because the 
combination produces dramatic increases in skin cancer, and because 
treatment with UVB radiation by itself is more effective. In cases of 
psoriasis and vitiligo, UV light with wavelength of 311 nm is most 
effective (Kirke, et. al.,2007). 
   1.5.2.1.2 Harmful effects 
An overexposure to UVB radiation can cause sunburn and some forms 
of skin cancer. In humans, prolonged exposure to solar UV radiation 
may result in acute and chronic health effects on the skin, eye, and 
immune system. However the most deadly form - malignant 
melanoma - is mostly caused by the indirect DNA damage (free 
radicals and oxidative stress). This can be seen from the absence of a 
UV-signature mutation in 92% of all melanoma (Matsumu and 
Ananthaswamy, 2004). 
UVC rays are the highest energy, most dangerous type of ultraviolet 
light. Little attention has been given to UVC rays in the past since 
they are filtered out by the atmosphere. However, their use in 
equipment such as pond sterilization units may pose an exposure risk, 
if the lamp is switched on outside of its enclosed pond sterilization 
unit. 
 
 
Ultraviolet photons harm the DNA molecules of living organisms in 
different ways. In one common damage event, adjacent thymine bases 
bond with each other, instead of across the "ladder". This makes a 
bulge, and the distorted DNA molecule does not function properly 
(Autier,  et al., 1995). 
 1.5.2.1.2.1 Skin 
Ultraviolet (UV) irradiation present in sunlight is an environmental 
human carcinogen. The toxic effects of UV from natural sunlight and 
therapeutic artificial lamps are a major concern for human health. The 
major acute effects of UV irradiation on normal human skin comprise 
sunburn inflammation erythema, tanning, and local or systemic 
immunosuppression (Matsumu and Ananthaswamy, 2004). 
1.5.2.1.2.2 Eye 
High intensities of UVB light are hazardous to the eyes, and exposure 
can cause welder's flash (photokeratitis or arc eye) and may lead to 
cataracts, pterygium, and pinguecula formation. 
UV light is absorbed by molecules known as chromophores, which are 
present in the eye cells and tissues. Chromophores absorb light energy 
from the various wavelengths at different rates - a pattern known as 
absorption spectrum. If too much UV light is absorbed, eye structures 
such as the cornea, the lens and the retina can be damaged. 
Protective eyewear is beneficial to those who are working with or 
those who might be exposed to ultraviolet radiation, particularly short 
wave UV. 
 
 
 
1.5.2.2  Ionizing radiation 
Ionizing radiation consists of subatomic particles or electromagnetic 
waves that are energetic enough to detach electrons from atoms or 
molecules, ionizing them. The occurrence of ionization depends on 
the energy of the impinging individual particles or waves, and not on 
their number. An intense flood of particles or waves will not cause 
ionization if these particles or waves do not carry enough energy to be 
ionizing. Roughly speaking, particles or photons with energies above 
a few electron volts (eV) are ionizing (Camphausen, 2008). 
 1.5.3 Cancer 
When  the damage caused by atomic radiation takes place in  one of a 
cell's DNA  molecules, it's  as  if  the  cell has lost its control center. In 
extreme cases a cell could be  killed   outright ,  but   there  are  more  
subtle  forms  of  damage .  Altering a  DNA  sequence  that    controls    
growth   may   cause   the   cell   to  grow  without  limit.  A  group  of 
such  damaged  cells  that  divides  without   regard  to  the  health   
and   well-being   of    the  body   as   a   whole   is   called   a   tumor  
and  an   animal afflicted  with  such a condition is  said  to  have 
cancer. Atomic radiation is said to be mutagenic  in   that   it   can   
damage  or    mutate    the   code   of    cells    . Since  these  mutations   
may  also   lead    to   cancer  in   animals ,  it  is   also  said  to  be   
carcinogenic   or cancer-causing. 
The amount of energy absorbed from a source of radiation by some 
material per mass is called the absorbed dose (D). It is a quantity that 
applies to any source of radiation acting on any type of material, be it 
 
 
living or non-living. It only provides a first approximation to the   
biological damage of the radiation in a human. 
Different   forms of radiation with identical absorbed doses   may   
differ in their effect on living things. Neutrons and alpha particles are   
harder on   human tissues than are beta particles or gamma rays. To   
account for this variation, the absorbed dose is multiplied by a 
radiation weighting factor (Q) that varies according to the type of 
radiation. The product is called the equivalent dose (H) (a 
radiobiological rule), (Elert, 2008). 
 1.5.4  Genetic effects 
Research and statistics show a definite increase in the incidence of 
inherited chromosomal damage resulting from even low doses of 
radiation exposure.  
A significant reduction in cell reproduction and growth in the 
offspring of mice that had been irradiated six or seven weeks before 
conception, corresponding to a sensitive stage in sperm development. 
These grandchildren mice also weigh less than normal mice and their 
sperm are less efficient at fertilization (Wiley et. al., 1997). 
1.6 Disposal of radioactive wastes 
 1.6.1 Radioactive waste repository 
The design of a radioactive waste repository is fundamental in 
ensuring that the wastes disposed in the repository are safely isolated 
from the accessible environment for long periods of time.  The 
favoured designs vary depending on the type of waste being disposed 
and the nature of the deep geology. 
 
 
Various designs for a deep radioactive waste repository have been 
proposed.  The type of design is governed primarily by the nature of 
the wastes to be disposed and the geological environment in which the 
repository will be located. The preferred design option in the UK for 
ILW (intermediate-level waste) in a "hard-rock" geology.  Granite is 
an example of a hard rock. This repository design would be located at 
a depth of between 600 and 700 metres below ground. 
the repository is somewhat more than just a hole in the ground.  The 
vaults are basically rooms, about 300 metres long, that will contain 
waste packages.  The cross-section of the rooms is about 16 metres by 
16 metres.  The access shafts and drifts allow access to the vaults and 
ventilation, and the roadways allow transport around the different 
components of the repository.  The plan area of the repository, in total 
is several square kilometres.  The repository is designed to hold 
several hundred thousand cubic metres of radioactive waste. 
Each of the vaults is filled with radioactive waste packages, made 
(most probably) out of steel or concrete.  This procedure is undertaken 
using a remote controlled overhead crane.  Once a vault is full (or at 
some other convenient point in time - see the next subsection), the 
remaining void space in the vault is "backfilled" with a concrete-like 
backfill material.  The preferred backfill material in the UK for LLW 
and ILW waste disposal is called NRVB (United Kingdom Nirex 
Limited, 2003). 
  1.6.2 Repository Closure 
At a suitable time after the repository has been filled, a decision may 
be taken to formally "close" the repository.  This is likely to happen 
 
 
some 50 years or more after the first wastes have been emplaced, as 
this is about the period of time that will be required to dispose of all 
the wastes that are scheduled to be placed in the repository. 
  1.6.3 Concept of Barriers 
Barriers are the individual components of the repository that act to 
prevent the  wastes from migrating back to the accessible 
environment.  It is an expectation that a radioactive waste repository 
system should provide a number of such barriers.  It is also expected 
that the disposal system should exhibit "redundancy".  That is, the 
overall safety should not depend unduly on the performance of any 
single barrier in the system. 
  1.6.4 Barriers can be listed as: 
1.  The waste containers  
2.  Grout materials that are applied to the wastes during waste 
processing 
3.  Backfill materials in the repository 
4.  The rock surrounding the repository. 
Repository concepts that make use of multiple barriers in this way are 
referred to as "multi-barrier" concepts.  Each of the barriers acts to 
retain the radioactive wastes within the disposal system.  The waste 
containers provide physical containment of the wastes in the 
repository.  The grout and backfill provide chemical containment, 
since they are developed to have properties that favour the sorption of 
radioactive wastes to those materials.  The rock surrounding the 
 
 
repository provides physical isolation of the wastes from the 
accessible environment.  In a deep repository concept, the surrounding 
rock is usually the most important of the barriers in the repository 
system (United Kingdom Nirex Limited, 2003). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                           Chapter two 
                                  Materials and methods 
2.1 Materials 
  2.1.1 Gamma Chamber 
that has cobalt-60 source pencils arranged in an annular source cage. 
Gamma chamber is a compact unit offering an irradiation volume of a 
few hundred cubic centimeters.  The main unit consists of a source 
cage, biological shield for the source and a central shaft incorporating 
sample chamber.  The source cage holds the radiation source in an 
annular cylinder.  The coaxial hole in the center of the cage provides 
space for the irradiation chamber.  The cage is designed to hold 
pencils containing cobalt-60 in the form of pellets or slugs.  The lead 
shield surrounding the source cage serves the dual purpose of a 
transport container and the biological shield.  The sample chamber is 
raised or lowered by a wire rope using a system of pulleys and a 
rotating drum. 
. However, to measure relative dose distribution within this irradiation 
volume, alanine dosimeter is used.  
The Gammacell 220 Excel is a cobalt 60 irradiation facility 
manufactured by MDS Nordion. Figure (3.1) illustrates the external 
features, the unit consists of annular sources, permanently enclose 
within a lead shield,  and a drive mechanism to move the drawer up or 
down along the vertical source center-line. 
The chamber, Contained within the drawer, can accommodate sample 
up to approximately six inches in diameter and eight inches in height. 
An access tube in the upper portion of the drawer can introduce liquid, 
gaseous, electrical or mechanical connections into the chamber.  
 
 
An electrically powered digital timer automatically signals the drawer 
to raise at the termination of a sample irradiation (Rushdi, 2005). 
 
2.1.2 Bacteria:                  
Bacteria   are  prokaryotic   microorganisms  that  contain  around  600  
genera   grow   on organic matter (dead or alive) as a major source of 
carbon for energy forming a group defined by cellular not organismal 
properties. The nucloeplasm is never separated from the cytoplasm by 
a nuclear membrane. The plasma membrane is frequently complex in 
topology and forms vesicular, lamellar, or tubular intrusions into the 
cytoplasm. 
   2.1.2.1  Genetics of bacteria: 
The first step in performing genetic research on bacteria is to select 
mutants that differ from wild-type cells in one or more genes. Then 
crosses are made between mutants and wild types, or between two 
different mutants, to determine dominance-recessive relationships, 
chromosomal location, and other properties. Various genetic methods 
are used to select bacterial mutants, antibiotic-resistant cells, cells 
with specific growth requirements, and so on. 
Certain genes that have the function of modulating the expression of 
other genes are known as regulatory genes. Mutations that affect the 
action of regulatory proteins are of two types: those that occur in the 
genes that encode the regulatory proteins, and those that affect the 
genetic loci where the regulatory protein interacts to modulate the 
level of gene expression. Some regulatory gene mutations cause 
overproduction and some cause underproduction of gene products. 
 
 
 
                      
 
Figure 3: Gammacell 220 Excell, Multipurpose Research Irradiator 
(Rushdi, 2005). 
 
 
 
 
 
This is the hallmark of a mutation that influences the functioning of a 
regulatory protein or regulatory factor-binding site; it affects the 
quantity but not the quality of other gene products. Furthermore, 
regulatory gene mutations are frequently pleiotropic, that is, they 
influence the rate of synthesis of several gene products simultaneously 
(McGraw and Hill, 2005). 
   2.1.2.1.1  Mutations in bacteria 
Frequently, geneticists want to increase the number or types of 
mutants that can be obtained as a result of spontaneous mutagenesis. 
In such instances, they treat a bacterial population with a mutagenic 
agent to increase the mutation frequency. This is called induced 
mutagenesis. The simplest techniques of induced mutagenesis involve 
measured exposure of the bacteria to a mutagenic agent, such as x-
rays or chemical mutagenic agents. Such procedures have a general 
effect on the increase in the mutation rate. More sophisticated 
procedures involve isolating the gene of interest and making a change 
in the desired location. This is called site-directed mutagenesis. The 
goal is usually to determine the effects of a change at a specific gene 
locus. The gene in question is isolated, modified, and reinserted into 
the organism. Discrete alterations can be made in a variety of ways on 
any DNA in cell-free culture, and the effect of such alterations can be 
subsequently tested in the organism (McGraw and Hill, 2005). 
2.1.2.2  Enzymes: 
Enzymes are proteins that work as catalysts in the living cells and 
make the chemical reactions continue. Probably hundreds of chemical 
reactions occur at a time and each one needs a specific enzyme, so 
 
 
enzymes are: Specific for substrate, Work properly at a limited range 
of temperature (37°C is the optimum), Work properly in optimum pH 
(3.5  ـــ 7  ـــ 10.5 ). Some enzymes work properly at low acidity, some 
at neutral medium and some at high acidity, The more enzyme 
concentration, the more chemical reaction occurs, the more the 
substrate concentration, the more enzyme works in a chemical 
reaction (McCahill, 1991). 
2.1.2.3 Genus Staphylococcus      
Taxonomically, the genus Staphylococcus is in the bacterial family 
Staphylococcaceae.   
The best-known of its nearby phylogenetic relatives are the members of 
the genus Bacillus in the family Bacillaceae, which is on the same level 
as the family Staphylococcaceae. The Listeriaceae are also a nearby 
family (Toddar, 2008).  
   2.1.2.3.1 Cultural and Morphological Characteristics    
Cells are spherical, 0.5 ـــ 1.5 µm in diameter, occurring singly, in pairs, 
and in irregular clusters. Gram positive, nonmotile, nonsporing, , with 
both respiratory and fermentative metabolism. Colonies are usually 
opaque and may be white or cream and sometimes yellow to orange. 
Susceptible to lysis by lysostaphin but not by lysozyme (Schleifer and 
Kloos, J. Clin. Microbiol. 1: 337ــ338, 1975). Usually grow with 10% 
Na Cl. The optimum temperature is 30  ـــ  37°C. Mainly associated 
with the skin and mucous membranes of warm-blooded vertebrates but 
are often isolated from food products, dust, and water. Some species are 
opportunistic pathogens of humans and animals or produce 
extracellular toxins (Holt et. al. 1994).  
Staphylococcus aureus forms a fairly large yellow colony on rich 
medium; often hemolytic on blood agar; facultative anaerobes that 
 
 
grow by aerobic respiration or by fermentation that yields principally 
lactic acid. Nearly all strains of Staph. aureus produce the enzyme 
coagulase and should always be considered a potential pathogen; most 
strains of Staph. epidermidis are nonpathogenic and may even play a 
protective role in humans as normal flora. Staphylococcus epidermidis 
may be a pathogen in the hospital environment.                                                             
 2.1.2.3.2  Biochemical Characteristics 
Facultative anaerobes. Chemoorganotrophic, with both respiratory and 
fermentative metabolism. Usually catalase positive, oxidase negative, 
reduces nitrate (Holt et. al.1994). 
2.1.2.4  Genus Salmonella typhi 
   2.1.2.4.1  Cultural and morphological characteristics 
Straight rods, 0.7 ــ 1.5 × 2ــ 5 µm. Gram negative and usually motile 
by peritrichous flagella  ((Holt et. al.1994). 
   2.1.2.4.2  Biochemical characteristics 
Catalase positive, oxidase negative, O.F positive, D-Glucose usually 
fermented with production of gas, indole and V.P negative, M.R and 
Simmons citrate positive, and urea is not hydrolyzed  (Holt et. 
al.1994). 
2.1.2.5 Genus Escherichia coli                                                      
Escherichia coli was discovered by German pediatrician and 
bacteriologist Theodor Escherich in 1885, and is now classified as part 
of the Enterobacteriaceae family of gamma-proteobacteria.  
  
 
 
   2.1.2.5.1  Cultural and Morphological Characteristics:  
Straight gram negative rods, 1.1ـــ 1.5 µm × 2.0ـــ 6.0 µm, occur 
singly or in pairs. Capsules or microcapsules occur in many strains. 
Motile by peritrichous flagella or are nonmotile (Holt et al. 1994). 
On MacConkey agar, deep red colonies are produced as the 
organism is lactose positive, and fermentation of this sugar will 
cause the medium's pH to drop, leading to darkening of the medium. 
Growth on Levine EMB agar produces black colonies with greenish-
black metallic sheen. Tests for toxin production can use mammalian 
cells in tissue culture, which are rapidly killed by shiga toxin. 
Although sensitive and very specific, this method is slow and 
expensive (Wikipedia, 2009).  
2.1.2.5.2  Biochemical characteristics 
Facultative anaerobic and non-sporulating. Chemoorganotrophic, 
having both a respiratory and a fermentative type of metabolism. 
Catalase positive, oxidase negative, methyl red positive. Negative for 
H²S, urea hydrolysis, and lipase. Escherichia species reduce nitrates 
(Holt. et al. 1994).  
2.1.2.6  Genus Bacillus cereus 
Bacillus is a genus of Gram-positive rod-shaped bacteria and a 
member of the division Firmicutes. Bacillus species can be obligate 
aerobes or facultative anaerobes, and test positive for the enzyme 
catalase. Ubiquitous in nature, Bacillus includes both free-living and 
pathogenic species. Under stressful environmental conditions, the 
cells produce oval endospores that can stay dormant for extended 
periods. These characteristics originally defined the genus (Baron et. 
 
 
al., 1996). Many Bacillus species are able to secrete large quantities of 
enzymes. Bacillus thuringiensis, is an important insect pathogen, and 
is sometimes used to control insect pests (Ryan and Ray, 2007), a 
portion of its genome was incorporated into corn (and cotton) crops, 
therefore, the resulting GMOs are  resistant to some insect pests 
(Graumann, 2007). 
    2.1.2.6.1  Cultural and morphological characteristics 
Cells are rod-shaped and straight, 0.5 ـــ 2.5 ×  1.2  ـــ 10 µm , and often  
are arranged in pairs or chains, with rounded or squared ends. Cells 
stain Gram positive and are motile by peritrichous flagella. 
Endospores are  oval or sometimes round  or cylindrical  and  are  
very resistant  to many  adverse conditions. There is not more than one 
spore per cell, and sporulation is not repressed by exposure to air  
(Holt et al. 1994). 
    2.1.2.6.2  Biochemical characteristics  
Aerobic or  facultatively anaerobic, With wide diversity of 
physiological ability with respect to heat, pH, and salinity. 
Chemoorganotrophs, with a fermentative or respiratory metabolism. 
Usually motile, catalase positive, ferments glucose . Found in a wide 
range of habitats, a few species are pathogenic to vertebrates or 
invertibrates (Holt et al. 1994). 
2.1.3 Media 
All liquid and solid media were prepared according to methods 
described by Oxoid. 
 
 
 
 
  2.1.3.1 Liquid media 
   2.1.3.1.1  The Nutrient Broth 
It is composed of (g/l): 
• Lab  ـ lemco powder          1.0g 
• Yeast extract                       2.0g 
• Peptone                               5.0g 
• Sodium chloride                 5.0g 
• pH                                       7.4 ± 0.2 
Thirteen grams of the powder were dissolved in one liter of distilled 
water and sterilized by autoclaving at 121°C under 15 lbs /in² for 15 
minutes. The medium was adjusted to pH 7.4 ±  0.2 . 
2.1.3.1.2  Methyl red Voges-Proskauer media 
Composed of: 
• Peptone                                 5g 
• Phosphate buffer                  5g 
• Dextrose                               5g 
• pH                                         7.5 (approx) 
Fifteen grams were suspended in one litre of distilled water, mixed 
well then distributed in test tues and sterilized by autoclaving under 
15 lbs / inch² at 121° C for 15 minutes. 
     2.1.3.1.3 Peptone Water 
Composed of : 
•  Peptone                                 10 g 
• Sodium chloride                     5  g 
• pH                                           7.5 (approx.) 
 
 
Fifteen grams were added to liter of distilled water, mixed well and 
distributed into sterile test tubes and sterilized by autoclaving at 121° 
C under 15 lbs/ m² for 15 minutes. 
   2.1.3.2 Solid media 
    2.1.3.2.1 Nutrient Agar 
Composed of (g/l): 
• Lab   ــ lemco powder          1.0g 
• Yeast extract                      2.0g 
• Peptone                              5.0g 
• Sodium Chloride               5.0 g 
• Agar                                  15.0g 
• pH                                     7.3 ± 0.2 
Twenty eight grams of lab  ــ lemco powder of the nutrient agar were 
suspended in one liter of distilled water and then boiled to dissolve 
completely in the steamer, mixed and sterilized by autoclaving at 121° 
C under 15 lbs/in² for 15 minutes, then cooled to        45 ـــ 50° C in 
water bath. Eventually, the water   ــ bathed agar was poured onto sterile 
Petri dishes in 15 ml portion each. 
2.1.3.2.2  Urea agar 
 Composed of: 
 
• Peptone                                            1g 
• Glucose                                            1g 
• Sodium chloride                               5g 
• Disodium phosphate                        1.2g 
• Potassium dihydrogen phosphate    0.8g 
• Phenol red                                        0.012g 
 
 
• Agar                                                 15g 
• pH                                                     6.8 ± 0.2  
An amount of 2.4 grams of urea agar were suspended in 95 ml of 
distilled water, boiled to dissolve completely by steamer, sterilized by 
autoclaving at 115° C under 15 lbs /inch² for minutes, cooled to 45 ـ 
50° C in water-bath and then 5 ml of sterile 40% urea solution was 
added, mixed well, distributed in 10 ml amounts into sterile bijouh  
bottles and allowed to set in slope position. 
2.1.3.2.3  Simmon's Citrate Agar 
It is composed of (g/l):  
• Magnesium sulphate                         0.2g 
• Amonium dihydrogen Phosphate     0.2 g 
• Sodium ammonium Phosphate         0.8 g 
• Sodium citrate tribasic                      2.0 g 
• Sodium chloride                               5.0 g 
• Bromo  ـ thymol blue                       0.08 g 
• Agar                                                 15.0 g 
• pH                                                    7 (approx) 
Twenty three grams of powder were suspended in one litre of distilled 
water, brought to the boil to dissolve completely and sterilized  by 
autoclaving at 121°C under 15 lbs/ inch² for 15 minutes. 
 2.1.3.3 Semi solid media 
   2.1.3.3.1 O. F medium: 
Composed of: 
• Peptone                                             2g 
• Sodium chloride                               5g 
• K HPO                                              0.3 g 
 
 
• Agar                                                    3g 
• Andrade's indicator 
• Sterile glucose                                   10 ml 
All the component above beside the glucose had been added to one 
liter distilled water then steamed to dissolve, pH was adjusted to 7.1 
and filtered. The indicator had been added then the medium was 
sterilized at 115° C for 20 minutes, 10 ml of sterile glucose solution 
was aseptically added to 90 ml of medium to give final concentration 
of 10% and then distributed in 10 ml volumes into sterile test tubes. 
2.1.4  Reagents 
A reagent is a chemical or an organic substance used in laboratories to 
detect or measure other substances. 
Reagents  used in this study were: 
  2.1.4.1  Hydrogen Peroxide 
Hydrogen Peroxide was prepared as 35% aqueous solution and used 
for catalase detection. 
 2.1.4.2  Potassium Hydroxide 
Potassium Hydroxide was prepared as 40% solution, used for V.P test. 
2.1.4.3 Alpha Naphthol Solution 
Alpha Naphthol solution was prepared as 1% aqueous solution and 
also used for V.P test. 
  2.1.5  Indicators 
   2.1.5.1 Andrade's indicator 
Andrade's indicator was used for peptone water sugar medium, it was 
prepared according to Barrow and Feltham (1993) by dissolving 5 
grams of acid fuchsine in one liter distilled water, and then 150 ml 
alkaline  solution was added. 
 
 
2.1.5.2  Alkaline  
K OH 1% solution was used for adjusting the pH. 
2.1.5.3  Acid 
H CL 4% solution was used for adjusting the pH. 
2.2 Methods 
2.2.1 Sterilization 
2.2.1.1   Hot air oven (160° C for one hour): 
Glass ware such as petri dishes, pipettes, tubes, flasks, and glass rods 
were sterilized in the hot air oven at 160° C for one hour. 
2.2.1.2    Autoclaving 
Media solution and screw capped bottles were sterilized in the 
autoclave at 121° C at 15 lbs square inch for 15 minutes. 
2.2.1.3 Bench disinfection 
Absolute dettol was used for bench sterilization. 
2.2.2 Getting microbes from a stock 
Bacillus cereus and Sal. typhi were brought from Department of 
Microbiology, Faculty of Veterinary Medicine U of K, and E. coli and 
Staph. aureus were got from Central Veterinary Research and 
Laboratories Center.  
2.2.3 Culturing the identified microorganisms 
The tested  identified microbe had been  subcultured in a nutrient agar 
and nutrient broth and  incubated at 37˚ C for 24 hrs. The growth 
occurred as colonies in the agar and turbidity in the broth. 
  
 
 
2.2.4 Irradiation 
The microbes had been grown in nutrient broth and then irradiated in 
Gammacell 200 Excell one by one at low doses or packed together at 
doses over 3000 Gy. The irradiation of the bacteria was performed in 
the absence of oxygen, and the temperature was estimated between 29 
ـــ 30 °C.  Control microbes were prepared to be compared to the 
irradiated ones for any condition and test except irradiation process. 
2.2.5 The primary bacteriological tests: 
  2.2.5.1 Catalase Test  
A drop of 35% aqueous solution of hydrogen peroxide was placed on 
a clean microscopic glass slide. A small amount of the tested microbe 
was placed in the drop of hydrogen peroxide by a loop and gas 
bubbles occured which indicated a positive test.  
  2.2.5.2 Oxidation Fermentation Test  
The tested microbe was inoculated vertically on the O.F medium into 
two test tubes. One of them was covered by a sterile paraffin oil to 
isolate the bacterium from aerobic atmosphere, then incubated at 37° 
C for 24 hrs. A pink color was developed that indicated a positive test 
in both tubes. 
  2.2.5.3 Glucose Fermentation Test  
The tested microbe was inoculated into the glucose medium which 
contained Durham tube placed in inverted position and then incubated 
at 37° C for 24 hours. A pink color was developed and gas produced 
 
 
which raised the Durham tube to the top which indicated a positive 
result with gas production or without. 
2.2.5.4 Motility Test 
The tested microbe was inoculated into nutrient broth and incubated at 
37° C for 24 hours. Seven drops from the turbid culture were taken 
and placed on a clean slide, then covered with a cover glass and 
viewed by x 40 lens. Active motility was seen or was not. 
2.2.6 The secondary bacteriological tests 
2.2.6.1 Indole Test 
The tested microbe was inoculated into peptone water and incubated 
at 37° C for 24 hours. Drops of Kovacs reagent were dropped on the 
peptone water. A red ring occurred on the top that indicated the 
microbe could analyse the amino acid tryptophan to indole which 
meant a positive test. 
  2.2.6.2 Vokes-Proskauer test 
The tested microbe was inoculated into glucose phosphate broth and 
incubated at 37° C for 24 hours. The reagent - 0.6 ml of alpha 
naphthol and 0.2 ml of potassium hydroxide – was added to the broth 
and left for 15 minutes . A red color was developed that indicated a 
positive result of acetyle methyl carbinol. The alphanaphthol was 5% 
alcohol solution and the K OH was 40% distilled water solution. 
  2.2.6.3  Urease test 
The tested microbe was streaked on the Urea Agar and incubated at 
37° C for 24 hours. A pink color was developed that indicated the 
urease enzyme was produced by the E. coli. 
 
 
  2.2.6.4 Citrate utilization test 
The tested microbe was streaked on the Simmon Citrate Agar and 
incubated at 37° C for 24 hours . A blue color was developed that 
indicated the microbe could utilize citrate as a source of energy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                    Chapter Three 
                                    Results 
The four bacterial genera (Staphylococcus aureus, Salmonella typhi 
Escherichia coli, Bacillus cereus) had been confirmed to 
morphological and biochemical  characteristics before irradiation and 
used as control and  treated with nuclear energy (gamma radiation) to 
determine the effective and the lethal doses of gamma radiation and 
the effect of radiation in general. All genera were kept in dark after 
irradiation to avoid photoactivation. 
3.1 Gamma irradiation of Staphylococcus aureus 
3.1.1 Biochemical characteristics before and after irradiation 
The Staphylococcus aureus s was tested before irradiation and used as 
control microbe. Tests before irradiation were catalase which showed 
strong positive result, positive colour for oxidation in 24 hrs and more 
colour in 72 hrs, positive colour for fermentation in 24 hrs and more 
colour in 72 hrs, positive glucose fermentation in 24 hrs, negative 
motility, negative indole, negative citrate utilization, and strong 
positive urease in 24 hrs.  
The Staphylococcus aureus was first irradiated with 50 Gy and then 
tested with catalase which was strong positive, positive oxidation in 
24 hrs,  positive fermentation in 24 hrs, glucose fermentation test 
wasn't performed because of lack in materials,  negative motility, 
negative indole, negative citrate utilization and strong positive urease 
in 24 hrs. 
Then irradiation with 150 Gy was performed and then tasted  with 
catalase which was strong positive, oxidation and fermentation weren't 
 
 
performed because of lack in materials,  positive glucose fermentation 
in 24 hrs,  negative motility, negative indole, negative citrate 
utilization and strong positive urease in 24 hrs. 
Then irradiation with 200 Gy was performed and then tested with 
catalase which was positive, positive oxidation in 24 hrs,  positive 
fermentation in 24 hrs, positive glucose fermentation in 24 hrs,  
negative motility, negative indole, negative citrate utilization and 
strong positive urease in 24 hrs. 
Then irradiation with 500 Gy was performed and then tasted  with 
catalase which was positive, positive oxidation in 24 hrs,  positive 
fermentation in 24 hrs, positive glucose fermentation in 24 hrs,  
negative motility, negative indole, negative citrate utilization and 
strong positive urease in 24 hrs. 
Then irradiation with 750 Gy was performed and then  tasted  with 
catalase which was positive, positive oxidation in 24 hrs,  positive 
fermentation in 24 hrs, positive glucose fermentation in 24 hrs,  
negative motility, indole and citrate  weren't  tested because of lack in 
materials, and strong  positive urease in 24 hrs. 
Then irradiation with 1000 Gy was performed and then  tasted  with 
catalase which was positive, positive oxidation in 24 hrs,  positive 
fermentation in 24 hrs, positive glucose fermentation in 24 hrs,  
negative motility, indole and citrate weren't tested because of lack in 
materials, and strong positive urease in 24 hrs. 
Then irradiation with 1250 Gy was performed and then  tested with 
catalase which was strong  positive, oxidation showed decrease in 24 
hrs which was recognized by lighter colour than in control Staph. 
 
 
aureus,  fermentation also showed decrease in colour within 24 hrs but 
return strong colour within 120 hrs, glucose fermentation showed 
lighter colour than in control within 24 hrs but return strong within 48 
hrs, negative motility, negative indole, negative citrate utilization, and 
positive lighter urease production within 48 hrs. 
Then irradiation with 1500 Gy was performed and then tested with 
catalase which was strong positive, oxidation showed lighter colour 
than in control within 24 hrs, fermentation showed lighter colour than 
in control but return strong colour within 120 hrs, glucose 
fermentation showed no colour within 24 hrs but it did strongly within 
48 hrs, motility test wasn't performed because of lack in materials, 
negative indole, negative citrate utilization, and lighter positive urease 
within 48 hrs. 
Then irradiation with 1750 Gy was performed and then tested with 
catalase which was strong positive, negative oxidation within 24 hrs, 
negative fermentation within 24 hrs but showed strong positive colour 
within 72 hrs, glucose fermentation and motility tests weren't 
performed because of lack in materials, negative indole, negative 
citrate utilization, negative urease within 24 hrs but  positive with light 
colour within 48 hrs and positive with strong colour within 72 hrs. 
Then irradiation with 2000 Gy was performed and then tested with 
catalase which was strong positive, negative oxidation within 24 hrs 
but colour appeared within 72 hrs, negative fermentation within 72 
hrs, light positive colour for glucose fermentation within 24 hrs and 
strong colour within 72 hours, motility test wasn't performed because 
of lack in materials, negative indole, negative citrate utilization, 
 
 
negative urease within 24 hrs but positive with light colour within 48 
hrs and positive with strong colour within 72 hrs. 
Then irradiation with 2500 Gy was performed which showed decrease 
in the most powerful biochemical activity..catalase enzyme 
production, light positive colour for oxidation within 24 hrs and 
lighter positive colour than in control Staph. aureus within 72 hrs, 
negative fermentation within 24 and 72 hrs, negative glucose 
fermentation within 24 and 72 hrs, negative motility, negative indole, 
negative citrate utilization, and negative urease within 24, 72, and 96 
hrs.   
Then irradiation with 3000 Gy was performed which has been 
considered the lethal dose for the microbe according to disappearance 
of all biochemical activities and colonies in nutrient agar. 
Contradictions occurred in negative and positive marks for oxidation 
result at 1750, 2000 and 2500 Gy, fermentation at 50 Gy, and glucose 
fermentation at 1500 and 2000 Gy, Table 1, I deduced that size of the 
inoculums was the reason because four different-sized loops were 
used.  
Figures 5.1 and 5.2 show Staph. aureus survival curve and column 
according to biochemical tests after various irradiation doses which 
are plotted on the x-axis against microbe survival percentage on the y-
axis. Staphylococcus aureus has been affected at 1250 Gy, 1500 Gy , 
1750 Gy , 2000 Gy, 2500 Gy, eventually it died at 3000 Gy . 
 
   
 
 
3.1.2 Staphylococcus aureus radiation doses: 
According to table 1, the irradiation doses of Staph. aureus can be 
divided   into   three categories: Non-effective doses (NED) which the 
microbe can be described as radioresistant, effective doses (ED) which 
the microbe can be described as radiosensitive, and lethal doses (LD) 
which can be used in radiosterilization which is 3000 Gy and bove. 
3.1.2.1  Staphylococcus aureus radiation effective doses 
3.1.2.1.1  Equations 
The effective doses (ED) themselves could be divided into 3 
categories according to the survival column as they appeared: lowest 
effective dose (LED), medium effective dose (MED) and highest 
effective dose (HED).  
The highest effective irradiation dose of Staph. aureus as resulted in 
table 1 is 2500 Gy which did not kill the microbe but definitely made 
it attenuated because most of the biochemical reactions were negative. 
The lowest effective irradiation dose of Staph. aureus as appeared in 
table 1 is 1250 Gy which  has affected the microbe in some 
biochemical reactions. 
So, the highest effective irradiation dose is double the lowest effective 
irradiation dose. An equation can be made from this:   
1. Highest effective dose = Lowest effective dose × 2 
                                                  HED =           LED × 2 
 
 
 
 
 
Fig. 4.1: 
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Fig. 4.2: 
 
 
 
 
Staphylococcus  aureus survival column to various  ionizing radiaton doses of Co‐60 
Staphylococcus  aureus survival curve  to various  ionizing radiaton doses of Co‐60 
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Table 1: Staphylococcus aureus resistance and effects of various irradiation doses of Co-60 by biochemical reactions detection. 
 
 
The number of gamma effective units that can affect the microbe 
could be calculated by the following equation: 
 
2.    No. of Gamma effective units on 
microbe (NGEUM) 
 
Highest eff.dose – lowest ef.dos.  
                                 
3 
                                             
                                            NGEUM        =    (HED ـــ LED) ÷  3 
The  lowest effective dose has a high limit which can be calculated by 
the following equation: 
3-Highest Value of Lowest Eff. Dose = Lowest Eff. Dose + NGEUM 
                                              HVLED   =       LED     +     NGEUM 
The  medium effective dose has a high limit which can be calculated 
by the following equation: 
4-Highest Value of Medium Eff. Dose =  Highest Value of Lowest Eff. 
    Dose + NGEUM  
                                             HVMED   =       HVLED     +     NGEUM 
The  highest effective dose has a high limit which can be calculated by 
the following equation: 
5-Highest Value of Highest Eff. Dose = Highest Value of Medium      
Eff.   Dose + NGEUM  
                                                  HVHED  =   HVMED + NGEUM 
 
From equation 2, Number of gamma effective units of Staph. aureus 
can be calculated by:                                                                 
 
 
NGEUM = highest effective dose (2500) ـــ lowest effect dose (1250)   
                                             3 
                   
                  NGEUM =   (HED ـــ LED) ÷   3 
                                  =   (2500 ـــ 1250) ÷   3 
                                  =          1250    ÷     3  
                                  =   416.66 Gy  . 
From equation 3, highest value of lowest effective dose can be 
calculated by:  
                    HVLED =  Lowest effective dose (LED) + NGEUM 
                    HVLED =  LED + NGEUM 
                                   =  1250 + 416.66 = 1666.66 Gy . 
This means the range of the LED of Staph. aureus is between 1250 ـــ 
1666 Gy. 
From equation 4, the highest value of medium effective dose can be 
calculated by:  
                   HVMED  =  HVLED + NGEUM 
                                    =  1666 + 416 = 2082 Gy . 
This means the range of the MED of Staph. aureus is between 1666 ـــ 
2082 Gy .  
From equation 5, the highest value of highest effective dose can be 
calculated by: 
                   HVHED  =  HVMED + NGEUM  
                                   =     2082    + 416 = 2498 Gy     
3.1.3 The Staphylococcus aureus morphological characteristics 
before and after irradiation 
The control Staphylococcus aureus was subcultured from nutrient 
broth on nutrient agar and incubated at 37°C for 24 hrs, the colony on 
the nutrient agar was small, regular and yellow. 
 
 
The  colony of 1250 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and yellow.  
The  colony of 1500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and yellow.  
The  colony of 1750 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and yellow.  
The  colony of 2000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and yellow.  
The  colony of 2500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and yellow.  
The colony of 3000 Gy irradiation was sub cultured from nutrient 
broth to nutrient agar and then incubated at 37°C for 24 hours and no 
colonies appeared in the whole dish. 
3.2 Gamma irradiation of Salmonella typhi 
3.2.1 Biochemical characteristics before and after irradiation 
The Salmonella typhi was tested before irradiation and used as control 
microbe. Tests were catalase which showed positive result, strong 
positive colour for oxidation within 24 hrs, strong positive colour for 
fermentation within 24 hrs, strong positive colour with gas for 
glucose fermentation within 24 hrs, active positive motility, negative 
indole, positive citrate utilization within 24 hrs with stronger colour 
within 48 hrs, and negative urease for 48 hrs. 
 
 
The Salmonella typhi was first irradiated with 1000 Gy and then tested 
with catalase which showed positive result, strong positive colour for 
oxidation within 24 hrs,  strong positive colour fermentation within 24 
hrs, strong positive glucose fermentation with gas within 24 hrs, active 
positive motility, negative indole, lighter positive colour for citrate 
utilization within 24 hrs but strong colour return within 48 hrs, and 
negative urease for 48 hrs.  
The irradiation with 1250 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs, 
strong positive colour for fermentation within 24 hrs,  strong positive 
glucose fermentation with gas within 24 hrs, lesser positive motility, 
indole test wasn't performed because of lack in materials, lighter 
positive colour for citrate utilization within 24 hrs but strong colour 
return within 48 hrs and negative urease for 48 hrs. 
The irradiation with 1500 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs, 
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, lesser positive motility, 
indole wasn't performed because of lack in materials, negative citrate 
utilization within 24 hrs but strong positive colour appeared within 48 
hrs, and negative urease within 48 hrs. 
The irradiation with 2000 Gy  was tested with catalase which showed 
negative result,  oxidation wasn't performed because of lack in 
material, negative fermentation within 24 hrs and 96 hrs, negative 
glucose fermentation within 48 hrs, lesser positive motility, negative 
 
 
indole, negative citrate utilization within 24 hrs, 48 hrs and 96 hrs., 
and negative urease within 48 hrs. 
The irradiation with 4250 Gy was tested with catalase which showed 
negative result, negative oxidation for 24 hrs, negative fermentation 
for 24 hrs, negative glucose fermentation for 24 hrs, negative motility, 
negative indole, negative citrate utilization for 24 hrs, and negative 
urease for 24 hrs, Table 2.  
Figures 5.1 and 5.2 show Sal. typhi survival curve and column 
according to biochemical tests after various irradiation doses which 
are plotted on the x-axis against microbe survival percentage on the y-
axis. Salmonella typhi has not been affected at 50 Gy but it has at 
1000 Gy , 1250 Gy , 1500 Gy and 2000 Gy, eventually it has died at 
4250 Gy . 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5.1: 
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Table 2: Salmonella typhi  resistance and effects of various irradiation 
doses of Co-60 by biochemical reactions detections. 
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  3.2.2  Salmonella typhi radiation doses: 
According to table 1, the irradiation doses of Sal. typhi can be divided   
into   three categories: Non-effective doses (NED) which the microbe 
can be described as radioresistant, effective doses (ED) which the 
microbe can be described as radiosensitive, and lethal doses (LD) 
which can be used in radiosterilization which is 4250 Gy and bove. 
 
3.2.2.1 Salmonella typhi radiation effective doses 
3.2.2.1.1  Equations 
The effective doses (ED) themselves could be divided into 3 
categories according to the survival column as they appeared: lowest 
effective dose (LED), medium effective dose (MED) and highest 
effective dose (HED).  
The highest effective irradiation dose of Sal. typhi as resulted in table 
2 is 2000 Gy which did not kill the microbe but definitely made it 
attenuated because most of the biochemical reactions were negative. 
The lowest effective irradiation dose of Sal. typhi appeared in table 2 
is 1000 Gy which  has affected the microbe in citrate utilization. 
So, the highest effective irradiation dose is double the lowest effective 
irradiation dose. An equation can be made from this:   
1. Highest effective dose = Lowest effective dose × 2 
                                                  HED =           LED × 2 
The number of gamma effective units that can affect the microbe 
could be calculated by the following equation: 
 
 
 
 
2.    No. of Gamma effective units on 
microbe (NGEUM) 
Highest eff.dose – lowest ef.dos.  
                                 
3 
                                             
                                            NGEUM        =    (HED ـــ LED) ÷  3 
The  lowest effective dose has a high limit which can be calculated by 
the following equation: 
3-Highest Value of Lowest Eff. Dose = Lowest Eff. Dose + NGEUM 
                                              HVLED   =       LED     +     NGEUM 
The  medium effective dose has a high limit which can be calculated 
by the following equation: 
4-Highest Value of Medium Eff. Dose =  Highest Value of Lowest Eff. 
    Dose + NGEUM  
                                             HVMED   =       HVLED     +     NGEUM 
The  highest effective dose has a high limit which can be calculated by 
the following equation: 
5-Highest Value of Highest Eff. Dose = Highest Value of Medium      
Eff.   Dose + NGEUM  
                                                  HVHED  =   HVMED + NGEUM 
 
From equation 2, Number of gamma effective units of Sal. typhi can 
be calculated by:                                                                 
NGEUM = highest effective dose (2000) ـــ lowest effect dose (1000)   
                                             3 
                
 
 
                  NGEUM =   (HED ـــ LED) ÷   3 
                                  =   (2000 ـــ 1000) ÷   3 
                                  =          1000    ÷     3  
                                  =         333.33 Gy  . 
From equation 3, highest value of lowest effective dose can be 
calculated by:  
                    HVLED =  Lowest effective dose (LED) + NGEUM 
                    HVLED =  LED + NGEUM 
                                   =  1000 + 333.33  = 1333.33 Gy . 
This   means   the   range   of   the   LED  of Sal. typhi is between 
1000 ـــ 1333Gy. 
From equation 4, the highest value of medium effective dose can be 
calculated by:  
                   HVMED  =  HVLED + NGEUM 
                                    =  1333 + 333 = 1666 Gy . 
This means the range of the MED of Sal. typhi is between 1333 ـــ 
1666 Gy .  
From equation 5, the highest value of highest effective dose can be 
calculated by: 
                   HVHED  =  HVMED + NGEUM  
                                   =     1666    + 333 = 1999 or 2000 Gy     
3.2.3 The Salmonella typhi morphological characteristics before 
and after irradiation 
The control Sal. typhi was subcultured from nutrient broth on nutrient 
agar and incubated at 37°C for 24 hrs, the colonies on the nutrient agar 
were small, regular and gray. 
 
 
The  colony of 1000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and gray.  
The  colony of 1250 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and gray.  
The  colony of 1500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and gray.  
The  colony of 2000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and gray.  
The  colony of 4250 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and no 
colonies appeared in the whole dish .  
3.3  Gamma irradiation of Escherichia coli 
3.3.1 Biochemical characteristics before and after irradiation 
The Escherichia coli was tested before irradiation and used as a 
control microbe. Tests were catalase which showed positive result, 
strong positive colour for oxidation within 24 hrs, strong positive 
colour for fermentation within 24 hrs, strong positive colour with gas 
for glucose fermentation within 24 hrs,  positive motility, positive 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, 
positive citrate utilization within 24 hrs. 
The Escherichia coli was first irradiated with 20 Gy and then tested 
with catalase which showed positive result, strong positive colour for 
 
 
oxidation within 24 hrs,  strong positive colour for fermentation 
within 24 hrs, strong positive glucose fermentation with gas within 24 
hrs, positive motility, positive indole within 24 hrs, V.P and M.R tests 
weren't performed because of lack in materials, positive  citrate 
utilization within 24 hrs . 
Then irradiation with 30 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, V.P and M.R tests weren't performed because of 
lack in materials, positive  citrate utilization within 24 hrs . 
Then irradiation with 40 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, 
positive  citrate utilization within 24 hrs . 
Then irradiation with 50 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility,  indole 
wasn't performed because of lack in materials, within 24 hrs, positive 
V.P within 24 hrs,  positive M.R, and positive  citrate utilization 
within 24 hrs . 
Then irradiation with 100 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
 
 
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, and 
positive  citrate utilization within 24 hrs . 
Then irradiation with 150 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, and 
positive  citrate utilization within 24 hrs . 
Then irradiation with 200 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, V.P wasn't performed because of lack in 
materials,  positive M.R, and positive  citrate utilization within 24 hrs . 
Then irradiation with 250 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, and 
positive  citrate utilization within 24 hrs . 
Then irradiation with 500 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
 
 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, and 
positive  citrate utilization within 24 hrs . 
Then irradiation with 750 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, indole 
wasn't performed because of lack in materials, positive V.P within 24 
hrs, positive M.R, and  citrate utilization wasn't performed because of 
lack in materials . 
Then irradiation with 1000 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility,  indole 
wasn't performed because of lack in materials, positive V.P within 24 
hrs,  positive M.R, and  citrate utilization wasn't performed because of 
lack in materials . 
Then irradiation with 1250 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, and 
positive  citrate utilization within 24 hrs . 
Then irradiation with 1500 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
 
 
indole within 24 hrs, positive V.P within 24 hrs, positive M.R, and 
positive  citrate utilization within 24 hrs . 
Then irradiation with 1750 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs, V.P wasn't performed because of lack in 
materials,  positive M.R, and positive  citrate utilization within 24 hrs . 
Then irradiation with 2000 Gy was tested with catalase which showed 
positive result, strong positive colour for oxidation within 24 hrs,  
strong positive colour for fermentation within 24 hrs, strong positive 
glucose fermentation with gas within 24 hrs, positive motility, positive 
indole within 24 hrs,  decrease in V.P within 24 hrs,  positive M.R, 
and decrease in  citrate utilization within 24 hrs . 
Then irradiation with 2500 Gy was tested with catalase which showed 
decrease, lesser positive colour for oxidation within 24 hrs,  lesser 
positive colour for fermentation within 24 hrs, strong positive glucose 
fermentation with gas within 24 hrs, positive motility, negative indole 
within 24 hrs, negative V.P within 24 hrs,  positive M.R, and negative  
citrate utilization within 24 hrs but lesser positive colour return within 
72 hrs . 
Then irradiation with 3000 Gy was tested with catalase which showed  
more decrease,  more lesser positive colour for oxidation within 24 
hrs,  more lesser positive colour for fermentation within 24 hrs, strong 
positive glucose fermentation with gas within 24 hrs, positive motility, 
negative indole within 24 hrs,  V.P  and M.R tests weren't performed 
 
 
because of lack in materials, negative  citrate utilization within 24 hrs 
and 72 hrs . 
Then irradiation with 3500 Gy was tested with catalase which showed   
the same decrease,  same lesser positive colour for oxidation within 24 
hrs,  same lesser positive colour for fermentation within 24 hrs but 
strong colour return within 96 hrs, strong positive glucose 
fermentation with gas within 24 hrs, positive motility, negative indole 
within 24 hrs,  V.P  and M.R tests weren't performed because of lack 
in materials, and negative  citrate utilization within 24 hrs but strong 
positive colour return within 96 hrs. 
Then irradiation with 4000 Gy was tested with catalase which showed   
a negative result,  same lesser positive colour for oxidation within 24 
hrs,  same lesser positive colour for fermentation within 24 hrs but 
strong colour return within 96 hrs, strong positive glucose 
fermentation with gas within 24 hrs, lesser positive motility, negative 
indole within 24 hrs,  V.P  and M.R tests weren't performed because 
of lack in materials, and negative  citrate utilization within 24 hrs 
Then irradiation with 4500 Gy was tested with catalase which showed   
negative result,  negative result  for oxidation within 24 hrs,  negative 
result for fermentation within 24 hrs, negative result for glucose 
fermentation within 24 hrs, negative  motility, negative indole within 
24 hrs,  V.P  and M.R tests weren't performed because of lack in 
materials, and negative  citrate utilization within 24 hrs. 
Figures 5.1 and 5.2 show E. coli survival curve and column according 
to biochemical tests after various irradiation doses which are plotted 
on the x-axis against microbe survival percentage on the y-axis. 
 
 
Escherichia coli has not been affected at 100 Gy, 200 Gy, 250 Gy 500 
Gy, 750 Gy, 1000 Gy, 1250 Gy, 1500 Gy, 1750 Gy, but it has at 2000 
Gy, 2500 Gy , 3000 Gy , 3500 Gy, 4000 Gy, eventually it has died at 
4500 Gy . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.1: 
 
 
 
 
 
 
 
 
Fig. 6.2: 
 
Escherichia coli survival curve to various ionizing radiation doses of Co‐60
Escherichia coli survival column to various ionizing radiation doses of Co‐60
 
 
 
  
 
 
 
Table 3.1: Escherichia coli resistance and effects of various irradiation doses of Co-60 by biochemical reactions 
detections. 
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Table 3.2: Escherichia coli resistance and effects of various irradiation doses of Co-60 by biochemical reactions 
detections. 
 
 
  3.3.2  Escherichia coli radiation doses 
According to table 1, the irradiation doses of E. coli can be divided   
into   three categories: Non-effective doses (NED) which the microbe 
can be described as radioresistant, effective doses (ED) which the 
microbe can be described as radiosensitive, and lethal doses (LD) 
which can be used in radiosterilization which is 4500 Gy and bove. 
 
3.3.2.1  Escherichia coli radiation effective doses 
3.3.2.1.1  Equations 
The effective doses (ED) themselves could be divided into 3 
categories according to the survival column as they appeared: lowest 
effective dose (LED), medium effective dose (MED) and highest 
effective dose (HED).  
The highest effective irradiation dose of E. coli as resulted in table 2 is 
4000 Gy which did not kill the microbe but definitely made it 
attenuated because most of the biochemical reactions were negative or 
decreased. 
The lowest effective irradiation dose of E. coli as appeared in table 3 
is 2000 Gy which  has affected the microbe in V.P and citrate 
utilization tests. 
So, the highest effective irradiation dose is double the lowest effective 
irradiation dose. An equation can be made from this:   
1. Highest effective dose = Lowest effective dose × 2 
                                                  HED =           LED × 2 
 
 
The number of gamma effective units that can affect the microbe 
could be calculated by the following equation: 
 
2.    No. of Gamma effective units on 
microbe (NGEUM) 
 
Highest eff.dose – lowest ef.dos.  
                                 
3 
                                             
                                            NGEUM        =    (HED ـــ LED) ÷  3 
The  lowest effective dose has a high limit which can be calculated by 
the following equation: 
3-Highest Value of Lowest Eff. Dose = Lowest Eff. Dose + NGEUM 
                                              HVLED   =       LED     +     NGEUM 
The  medium effective dose has a high limit which can be calculated 
by the following equation: 
4-Highest Value of Medium Eff. Dose =  Highest Value of Lowest Eff. 
    Dose + NGEUM  
                                             HVMED   =       HVLED     +     NGEUM 
The  highest effective dose has a high limit which can be calculated by 
the following equation: 
5-Highest Value of Highest Eff. Dose = Highest Value of Medium      
Eff.   Dose + NGEUM  
                                                  HVHED  =   HVMED + NGEUM 
 
From equation 2, Number of gamma effective units of E. coli can be 
calculated by:                                                                 
 
 
NGEUM = highest effective dose (4000) ـــ lowest effect dose (2000)   
                                             3 
  
                  NGEUM =   (HED ـــ LED) ÷   3 
                                  =   (4000 ـــ 2000) ÷   3 
                                  =          2000    ÷     3  
                                  =         666.66 Gy  . 
From equation 3, highest value of lowest effective dose can be 
calculated by:  
                    HVLED =  Lowest effective dose (LED) + NGEUM 
                    HVLED =  LED + NGEUM 
                                   =  2000 + 666.66  = 2666.66 Gy . 
This   means   the   range   of   the   LED  of E. coli is between 2000 ـــ 
2666Gy. 
From equation 4, the highest value of medium effective dose can be 
calculated by:  
                   HVMED  =  HVLED + NGEUM 
                                    =  2666 + 666 = 3332 Gy . 
This means the range of the MED of E. coli is between 2666 ـــ 3332 
Gy .  
From equation 5, the highest value of highest effective dose can be 
calculated by: 
                   HVHED  =  HVMED + NGEUM  
                                   =     3332    + 666 = 3998 or 4000 Gy     
These equations were deduced from Tables 3.1, 3.2 . 
 
 
 
 
 
3.3.3 Escherichia coli morphological characteristics before and 
after irradiation 
The control E coli was subcultured from nutrient broth on nutrient 
agar and incubated at 37°C for 24 hrs, the colonies on the nutrient agar 
were small, regular and  beige or bluish beige.    
The  colony of 1250 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.      
The  colony of 1500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.   
The  colony of 1750 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.  
 The  colony of 2000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.      
The  colony of 2500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.   
The  colony of 3000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.  
The  colony of 3500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.   
 
 
The  colony of 4000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were small, regular and  beige or bluish beige.  
The  colony of 4500 Gy irradiation was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and no 
colonies were seen in the whole dish. 
 
3.4 Gamma irradiation of Bacillus cereus 
 3.4.1 Biochemical characteristics before and after irradiation 
The Bacillus cereus was tested before irradiation and used as a control 
microbe. Tests were catalase which showed a negative  result, strong 
positive colour for oxidation within 24 hrs, positive colour for 
fermentation within 24 hrs, positive colour  for glucose fermentation 
without gas within 24 hrs,  positive motility, negative indole, negative 
citrate utilization within 48 hrs, and negative urease within 48 hrs. 
The Bacillus cereus was first irradiated with 1000 Gy and then tested 
with catalase which showed a negative result,  strong positive colour 
for oxidation within 24 hrs, positive colour for fermentation within 24 
hrs, positive colour  for glucose fermentation without gas within 24 
hrs,  positive motility, negative indole, negative citrate utilization 
within 48 hrs, and negative urease within 48 hrs. 
Then irradiation with 2000 Gy was tested with catalase which showed 
a negative result,  strong positive colour for oxidation within 24 hrs, 
positive colour for fermentation within 24 hrs, positive colour  for 
glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 48 hrs. 
 
 
 
Then irradiation with 2500 Gy was tested with catalase which showed 
a negative result,  strong positive colour for oxidation within 24 hrs, 
positive colour for fermentation within 24 hrs, positive colour  for 
glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 48 hrs. 
Then irradiation with 3000 Gy was tested with catalase which showed 
a negative result,  strong positive colour for oxidation within 24 hrs, 
positive colour for fermentation within 24 hrs, positive colour  for 
glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 48 hrs. 
Then irradiation with 4000 Gy was tested with catalase which showed 
a negative result,  lesser  positive colour for oxidation within 24 hrs 
but strong positive colour return within 48 hrs, positive colour for 
fermentation within 24 hrs, positive colour  for glucose fermentation 
without gas within 24 hrs,  positive motility, negative indole, negative 
citrate utilization within 48 hrs, and negative urease within 48 hrs. 
Then irradiation with 4500 Gy was tested with catalase which showed 
a negative result,  lesser positive colour for oxidation within 24 hrs, 
lesser positive colour for fermentation within 24 hrs, positive colour  
for glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 22 hrs. 
Then irradiation with 5000 Gy was tested with catalase which showed 
a negative result,  strong  positive colour for oxidation within 24 hrs, 
strong positive colour for fermentation within 24 hrs, motility test 
wasn't performed because of lack in materials, negative indole, 
 
 
negative citrate utilization within 48 hrs, and negative urease within 
24 hrs. 
Then irradiation with 5500 Gy was tested with catalase which showed 
a negative result,  strong  positive colour for oxidation within 24 hrs, 
strong  positive colour for fermentation within 24 hrs, glucose 
fermentation test wasn't performed because of lack in materials,  
motility test wasn't performed because of lack in materials, negative 
indole, negative citrate utilization within 48 hrs, and negative urease 
within 24 hrs. 
Then irradiation with 6000 Gy was tested with catalase which showed 
a negative result,  strong  positive colour for oxidation within 24 hrs, 
strong  positive colour for fermentation within 24 hrs, positive colour  
for glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 48 hrs. 
Then irradiation with 6250 Gy was tested with catalase which showed 
a negative result,  light positive colour for oxidation within 24 hrs, 
negative result for fermentation within 24 hrs, negative result  for 
glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization, and negative urease.. 
Then irradiation with 6500 Gy was tested with catalase which showed 
a negative result,  light  positive colour for oxidation within 24 hrs, 
very light  positive colour for fermentation within 24 hrs, lesser 
positive colour  for glucose fermentation without gas within 24 hrs,  
positive motility, negative indole, negative citrate utilization within 
48 hrs, and negative urease within 48 hrs. 
Then irradiation with 6750 Gy was tested with catalase which showed 
a negative result, negative result for oxidation within 24 hrs, very 
 
 
light positive colour for fermentation within 24 hrs, positive  glucose 
fermentation without gas within 24 hrs,  positive motility, negative 
indole, negative citrate utilization within 48 hrs, and negative urease 
within 48 hrs. 
Then irradiation with 7000 Gy was tested with catalase which showed 
a negative result,  very light  positive colour for oxidation within 24 
hrs, strong  positive colour for fermentation within 24 hrs, negative 
result for glucose fermentation within 24 hrs, positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 48 hrs. 
Then irradiation with 7500 Gy was tested with catalase which showed 
a negative result, strong  positive colour for oxidation within 24 hrs, 
lesser positive colour for fermentation within 24 hrs, positive  glucose 
fermentation without gas within 24 hrs,  positive motility, negative 
indole, negative citrate utilization within 48 hrs, and negative urease 
within 48 hrs. 
Then irradiation with 8000 Gy was tested with catalase which showed 
a negative result, very light  positive colour for oxidation within 24 
hrs, negative result for fermentation within 24 hrs, lesser positive  
glucose fermentation without gas within 24 hrs,  positive motility, 
negative indole, negative citrate utilization within 48 hrs, and negative 
urease within 48 hrs. 
Contradictions in positive results at higher irradiation doses  is due to 
size of the inoculum because different-sized loops were used. 
Figures 5.1 and 5.2 show B. cereus survival curve and column 
according to biochemical tests after various irradiation doses which 
are plotted on the x-axis against microbe survival percentage on the y-
 
 
axis. Bacillus cereus has not been affected at 1000 Gy, 200o Gy, 2500 
Gy, 3000 Gy, 4000 Gy, 4500 Gy, 5000 Gy, 5500 Gy, 6000 Gy, 6250 
Gy, 6500 Gy, 6750 Gy,7000 Gy,  but it has at 7500 Gy and  8000 Gy ,  
3.4.2  Bacillus cereus radiation doses 
According to table 1, the irradiation doses of B. cereus can be divided   
into   three categories: Non-effective doses (NED) which the microbe 
can be described as radioresistant and effective doses (ED) which the 
microbe can be described as radiosensitive but the  effective and the 
lethal doses could not be realized in details because of short in thesis 
time, so the equations for B. cereus can't be made unless the lowest 
effective dose (LED) and the highest effective dose (HED) are known 
first. 
 3.4.3 The Bacillus cereus morphological characteristics before 
and after irradiation 
The control B. cereus  was subcultured from nutrient broth on nutrient 
agar and incubated at 37°C for 24 hrs, the colonies on the nutrient agar 
were large, irregular and beige.  
The  colony of 1000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.     
The  colony of 2500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
 
 
 
Fig. 7.1: 
 
 
 
 
 
 
 
 
Fig. 7.2: 
 
Bacillus cereus survival curve to various ionizing radiation doses of Co‐60
Bacillus cereus survival column  to various ionizing radiation doses of Co‐60
 
 
 
  
 
 
Table 4.1: Bacillus cereus  resistance and effects of various irradiation doses of Co-60 by biochemical reactions 
detections. 
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Table 4.2:  Bacillus cereus resistance and effects of various irradiation doses of Co-60 by biochemical reactions 
detections. 
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The  colony of 3000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.     
The  colony of 4000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.   
 The  colony of 4500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.     
The  colony of 5000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
The  colony of 5500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.     
The  colony of 6000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
The  colony of 6250 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.     
The  colony of 6500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
The  colony of 6750 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.     
 
 
The  colony of 7000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
The  colony of 7500 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
The  colony of 8000 Gy irradiation  was subcultured from nutrient 
broth to nutrient agar and then incubated  at 37°C for 24 hrs and the 
colonies were large, irregular and  beige.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            Chapter Four 
                                        Discussion 
Gumus et al. mentioned that none of the Staph. aureus, Sal. 
typhimurium, and E. coli O157:H7  were detected after irradiation 
with 4500 Gy which meant the lethal dose for these microbes could be 
4500 Gy or lower,   Also, Gumus et al. mentioned that 3200 Gy 
reduced E. coli O157:H7 counts in meatballs,  while in my research 
4500 Gy  has killed E. coli because no colonies were detected on 
nutrient agar besides all biochemical reactions were negative, 
nevertheless, 4000 Gy did not kill E. coli because a few colonies were 
detected on nutrient agar besides glucose fermentation test was very 
strong with gas within 24 hrs after irradiation, weak oxidation and 
fermentation occurred within 24 hrs, this means E. coli remained 
relatively active after 4000 Gy irradiation which lead us to a fact that 
the lethal gamma radiation dose for E. coli is between 4000 ـــ 4500 
Gy if it wasn't 4500 Gy itself. Also, Buchanan et. al. mentioned that E. 
coli radiation resistance increased with increasing levels of suspended 
solids with doses 260 ـــ 350 Gy. 
The same concept is applicable to Staph. aureus which wasn't detected 
after irradiation with 4500 Gy  by Gumus et. al., and 3200 Gy reduced 
Staph. aureus counts in meatballs, while in my research 3000 Gy has 
killed Staph. aureus because no colonies grew on nutrient agar besides 
all the biochemical reactions were negative, and 2500 Gy has affected 
or attenuated the microbe because most of the biochemical reactions 
were negative. This means the lethal gamma radiation dose for Staph. 
aureus is between 2500 ـــ 3000 Gy if it wasn't 3000 Gy itself. 
 
 
The irradiated Staphylococcus aureus activities whatever biochemical 
or others such as cell division, self-repair mechanism or gene 
expression are diverse in their strength. For example, the most 
powerful activity for Staph. aureus is catalase production which has 
not been affected at low irradiation doses between 50 ـــ 2000 Gy but it 
has at 2500 Gy which meant the microbe has been affected or 
attenuated not killed (Fig. 5.1, 5.2) and (Table 1). 
Contradictions occurred in negative and positive marks for oxidation 
result at 1750, 2000 and 2500 Gy, fermentation at 50 Gy, and glucose 
fermentation at 1500 and 2000 Gy, Table 1, I deduced that size of the 
inoculums was the reason because four different-sized loops were 
used.  
The biochemical activities of Staph. aureus can be ordered according 
to their strength to resist radiation in the following order: catalase 
production, urease production, glucose fermentation, and oxidation 
fermentation. 
The most powerful biochemical activity (catalase production) 
decreased at 2500 Gy which meant the dose was the highest effective 
dose. 
Because the catalase production is the most powerful biochemical 
activity in Staph. aureus, it has tolerated the radiation doses to 2000 
Gy but decreased at 2500 and stopped at 3000 Gy, this meant the 
lethal dose for Staph. aureus in the nutrient broth is between 2500 ـــ  
3000 Gy.  
Staphylococcus aureus is catalase positive which also was positive 
before and after gamma irradiation until it was negative at 3000 Gy. 
Respiratory and fermentative metabolism occur in Staph. aureus 
 
 
which also was positive oxidation before and after gamma irradiation 
until it was negative at 3000 Gy, and positive fermentation before and 
after gamma irradiation until it became negative at 2000 Gy. It 
ferments glucose without yielding gas which was positive before and 
after gamma irradiation until it became negative at 2500 Gy. It is 
nonmotile which also occurred before and after gamma irradiation. It 
is indole negative which also was negative before and after irradiation. 
It does not utilize citrate as a carbon source which also was negative 
after gamma irradiation. It produces urease which also took place after 
gamma irradiation until it became negative at 2500 Gy.  
Holt et. al. mentioned that Staph. aureus colonies are sometimes 
yellow to orange which occurred in my experiments before and after 
gamma irradiation as yellow. 
The same concept is applicable to Sal. typhi which wasn't detected 
after irradiation with 4500 Gy by Gumus et. al. while in my research 
4250 Gy has killed Sal. typhi  and 2000 Gy has affected or attenuated 
the microbe  widely because all the biochemical reactions were 
negative except motility. This means the lethal gamma radiation dose 
for Sal. typhi is between 2000 ـــ 4250 Gy particularly the range 
between them. 
Salmonella typhi is catalase positive which also was positive before 
and after gamma irradiation until it became negative at 2000 Gy. 
Respiratory and fermentative metabolism occur in Sal. typhi which 
also was positive oxidation before and after gamma irradiation until it 
became negative at 4250 Gy or lower, and positive fermentation 
before and after gamma irradiation until it became negative at 2000 
Gy. It ferments glucose with  gas which was positive before and after 
 
 
gamma irradiation until it became negative at 2000 Gy. It is motile in 
phase 1 which also occurred before and after gamma irradiation. It is 
indole negative which also was negative before and after irradiation. It 
does utilize citrate as a carbon source which also was positive before 
and after gamma irradiation until it became negative at 2000 Gy. It 
doesn't hydrolyze urea which also occurred before and after 
irradiation. Its colony is small and grey in nutrient agar before and 
after gamma irradiation. 
The motility activity decreased at 1250 Gy which meant the microbe 
has also been affected at this dose. Perhaps amino acids in proteins of 
flagella were dissociated or passed a chemical change.  
The citrate utilization activity is lesser than motility activity in 
strength because it decreased at 1000 Gy which meant the microbe has  
also been affected at this dose.  
Contradictions between these experiments and experiment of Thayer 
et al. may be for differences in physical properties between the 
nutrient broth and phosphate buffer, BHI, and deboned chicken 
For Sal. typhi, 2000 Gy was a higher effective dose without colony 
growth in the dish but motility was positive at this dose which meant 
the microbe could not divide to form colonies but could move, I 
deduce that reproduction activity is more difficult for microbes than 
biochemical activities if the microbes are affected by radiation. The 
four thousand two hundred and fifty gray was the lethal dose because 
no colonies appeared in Petri Dish without any biochemical activity. 
The range between 2000 and 4250 Gy is too high, so many effective 
doses may take place at this range. 
 
 
Mattimore and Batista mentioned that 60 Gy kills E. coli but in my 
experiments E. coli has died at 4500 Gy, I deduced 60 Gy can kill a 
few cells while 4500 Gy has killed the whole  E. coli population. 
The irradiated Escherichia coli activities whatever biochemical or 
others such as cell division, motility, gene expression or repair 
mechanisms are diverse in their strength. For example, the most 
powerful activity for E. coli is glucose fermentation which has not 
been affected at low radiation doses like V.P at 2000 gray. So, the 
activities were needed to be arranged in strength order first and then 
compared together upon radiation doses. Biochemically, E. coli is 
strong as the following order: glucose fermentation, oxidation and 
fermentation, indole production, citrate utilization, V. P, catalase 
production. 
The Escherichia coli has not been affected at 20, 30, 40, 50, 100 and 
150 Gy which meant the microbe resist these doses, but a decrease in 
V.P and citrate utilization at 2000 Gy, a decrease in  catalase and O.F 
at 2500 Gy with indole negativity meant the microbe has been 
affected. Disappearance of the most powerful biochemical test, 
glucose fermentation, at 4500 Gy meant the microbe had died. This 
dose can be used in radiosterilization. Tables 3.1 and 3.2 . 
Because the glucose fermentation is the most powerful activity in      
E. coli, it has tolerated the radiation doses to 4000 Gy but stopped at 
4500 Gy, this means the lethal dose for E. coli in the nutrient broth is 
between 4000 ــــ 4500 Gy.  
The oxidation fermentation activity in E. coli is lesser than glucose 
fermentation activity in strength because they decreased at 2500 Gy 
 
 
and more decrease at 3000 Gy which meant that E. coli has been 
affected at these doses till the O.F disappeared at 4500 Gy. 
The indole production in E. coli is lesser than oxidation fermentation 
in strength because it disappeared at 2500 Gy which also meant the 
microbe has been affected at this dose. 
The citrate utilization activity in E. coli is lesser than indole 
production activity in strength because it decreased at 2000 Gy and 
disappeared at 2500 Gy within 24 hrs but appeared again within 72 hrs 
which meant E. coli was also affectted at this dose. 
The Vokes-Proskauer test in E. coli equals the citrate utilization 
activity in strength or they are close to each others because both 
decreased at 2000 Gy. 
Escherichia coli is catalase positive which also was positive before 
and after gamma irradiation until it became negative at 4000 Gy. 
Respiratory and fermentative metabolism occur in E.coli which also 
was positive oxidation before and after gamma irradiation until it 
became negative at 4500 Gy, and positive fermentation before and 
after gamma irradiation until it became negative at 4500 Gy. It 
ferments glucose with gas which was positive before and after gamma 
irradiation until it became negative at 4500 Gy. It is motile which also 
occurred before and after gamma irradiation until it became negative 
at 4500 Gy. It is indole positive which also was positive before and 
after irradiation until it became negative at 2500 Gy. It is methyl red 
positive which also took place before and after gamma irradiation. It 
does utilize citrate as a carbon source which also was positive before 
and after gamma irradiation until it became negative at 4000 Gy. Its 
 
 
colony is small and beige in nutrient agar before and after gamma 
irradiation. 
The 4000 Gy was the highest effective dose because only two colonies 
appeared in the dish with weaker biochemical activities. The 4500 Gy 
was the leathal dose because no colonies appeared in the dish with no 
any biochemical activity.  
The American Society for Microbilogy has irradiated E. coli in apple 
juice at 2°C (Buchanan et al., 1998) not in nutrient broth result in 
1800 Gy is an inactivation dose as NACMCF recommendation, while 
4500 Gy is the lethal dose for E. coli in nutrient broth in my 
experiments. Perhaps that low 2°C has inactivated the microbe faster 
while 29 ــ 35 °C in my experiments has not.  
Smirnoff and Cantin mentioned that six entomopathogenic varieties of 
B. cereus growth was inhibited in the range 228 rads (2.28 Gy), 280 
rads (2.8 Gy), 456 rads (4.56 Gy), and 560 rads (5.6 Gy), and 
suppressed at 500,000 rads (5000 Gy), while in my research, the B. 
cereus has been affected at 7500 and 8000 Gy and remain active 
relatively.  
The Bacillus cereus that has reacted with nuclear energy ( gamma 
radiation ) in different doses and resisted the radiation in compare to 
the other irradiated genera. It was relatively affected in fermentation, 
glucose fermentation and oxidation activities. So, we can divide the 
strength of these activities in the following order : glucose 
fermentation ( decreased at 8000 Gy ), oxidation  ( decreased at 8000 
Gy ), fermentation ( decreased at 7500 Gy ). 
The Bacillus cereus has not been affected at doses lesser than 7500Gy  
which meant the microbe is radioresistant.  
 
 
The oxidation and  glucose fermentation  activities  has decreased at 
8000 Gy which meant the microbe has been affected but not killed.  
The fermentation activity which has decreased at 7500 Gy meant the 
microbe has been affected.  
Bacillus cereus is catalase positive which also was positive before and 
after gamma irradiation until it was negative at 3000 Gy. Respiratory 
and fermentative metabolism occur in Staph. aureus which also was 
positive oxidation before and after gamma irradiation until it was 
negative at 3000 Gy, and positive fermentation before and after 
gamma irradiation until it became negative at 2000 Gy. It ferments 
glucose without yielding gas which was positive before and after 
gamma irradiation until it became negative at 2500 Gy. It is nonmotile 
which also occurred before and after gamma irradiation. It is indole 
negative which also was negative before and after irradiation. It does 
not utilize citrate as a carbon source which also was negative after 
gamma irradiation. It produces urease which also took place after 
gamma irradiation until it became negative at 2500 Gy. Its colony 
large and yellow in rich medium and it was yellow in nutrient broth 
before and after gamma irradiation. 
The eight thousand gray was also a low effective dose because 
colonies decreased in number but the microbe relatively remain strong 
biochemically, therefore I named it Atomic Bacillus cereus. 
Concentration of components in a medium may proportion with 
gamma rays absorption because I noticed that in a microwave oven 
bread got heated up faster than vegetables because the former contains 
hydrogen atoms more than the latter. Hydrogen atoms absorb 
microwaves quickly. So, irradiating  the microbes may differ from a 
 
 
nutrient medium to another according to biological, chemical or 
physical characteristics. 
Photoactivation stimulates cells to repair  errors  if happened through 
DNA repair mechanisms. If radiation made mistakes in microbes 
chemistry or in their DNAs, keeping them in dark after irradiation 
may helped in making them attenuated for a long time. 
Besides making radiation-attenuated vaccines by radiation effective 
doses, the radioresistant Bacillus cereus (or the Atomic Bacillus 
cereus) may be useful for analyzing or reducing radioactive wastes to 
be named Bacillus cereus subsp. radiophilus, a name describes that a 
strain is radiophilic or can tolerate radioactivity may be mutated to 
accept electrons from a radioactive donor, or it can be named 
according to action on a radioactive material such as Deradiobacillus 
or Deplotobacillus to indicate the Bacillus can make a chemical or 
physical change in plutonium (the radioactive element), or 
Deuraniobacillus also to indicate that the Bacillus can start a 
chemical or physical change in uranium, may be useful in cleaning 
areas that polluted with radioactivity.  
To be able for acting on radioactive materials, the radioresistant 
microbe can be stimulated by an organic matter mixed with a 
radioactive material then make the microbe grow on them. This 
process can be called Radioorganotrophs. 
If a radioactive material was under experiment to be analyzed by 
microbes, catalysts would be helpful to stimulate the analysis. The 
catalyst  may be things the microbe likes like food, water and sugar 
for energy. Also, forms of energy may stimulate the microbe to be 
more active such as light (photoactivation), sound, thermal, electrical 
 
 
and or kinetic energy. The more the catalysts the more probability to 
accomplish experiments. Also, water might be useful (hydrolysis). 
The irradiation of the four bacterial genera was done in nutrient broth 
inside McCartney tubes, without regarding the temperature, not in 
juices or normal saline. Perhaps the effective or attenuation and lethal 
radiation doses differ from medium to another according to 
differences in physical properties and dose absorption.  
  A portion of  B. thuringiensis genome was incorporated into corn (and 
cotton) crops. The resulting  GMOs are therefore resistant to some 
nematode pests (Graumann, 2007). I suggest that bacterial genes that 
responsible for radioresistance can be incorporated in genomes of 
important living organisms particularly human genome for 
radioprotection. 
 
 
 
 
 
 
 
 
 
 
 
 
                                        Conclusion 
From the results of this study, it can be concluded that: 
? The impact of radioactivity on the four bacterial genera was 
relative. 
? This research revealed that bacteria can survive radioactivity 
more than humans. The bacteria could tolerate grays of gamma 
rays in thousands while a human may die at only 10 grays. 
? Staphylococcus aureus, Sal. typhi, and E. coli had tolerated 
gamma radiation but died between 3000 ـــ 4500 Gy, while B. 
cereus never died up to 8000 Gy. 
? Radiation doses on these microbes could be divided into three 
categories: non-effective, effective and lethal. In turn, the 
effective doses could be divided into three categories: low, 
medium and high except B. cereus. 
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                              Recommendations 
• It is suggested to found an interdiciplinary science that study the 
interactions  between  microbes  (fungi, bacteria and viruses)  or 
their colonies and radiation or radioactive materials to be named 
Radiomicrobiology (as Radiobiology). 
• Microbes irradiation laboratory should be established at Sudan 
Atomic Energy Commission for research or at Central 
Veterinary Research and Laboratories Center for  production of 
radiation-attenuated vaccines using the three categories of 
effective doses (low, medium, and high). 
• Radiomutation in microbes can be made for research using low 
or medium effective doses for a length of time. 
• Lethal radiation doses that killed the microbes can be used for 
sterilization. 
• The high radiation tolerated B. cereus might be useful in things 
such as radioactive materials analysis or reduction, or in 
radioprotection for important beings especially human by 
incorporating genes of the Atomic Microbe in the genome of 
them. 
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